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Supplementary Figure 1 vs2
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HINC HA({517)_SGGC_egm (H1 1999NC HA-ferritin)

Plasmid DNA sequence (SEQ ID NO:130)

TCGCGCGTTTCGETEGATGACEGTCGARAACCTCTGACACATGCAGCTCCCEGGAGACGETCACAGCTTGTCTG
TAAGCGGATGCCGEGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGETOTTGGCGGGTGTCGGGGLTCCCT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGARATACCGCACAGATGCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCCTTACATAACTTACGGGAATTTCCAAACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGARA
CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGCAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGGGAATTCCCAAAATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGGTAGGCGTGTACGCTGGGAGCTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGECT
CGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGETGCCTCCTCGAACTGCGTCCGCCGTCTAGEGTAAGTTTARAAGCTCAGGTCGAGACCGG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACCCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTARCGGTGGAGGGCAGTGTACTCTCGACCAGTACTCETTGCTCCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACACACTGTTCCTTTCCATGGETCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCGCCACCATCGAAGGCCARACTGCTGGTGCTGCTGTGTA
CCTTTACCGCCACCTACGCCGACACAATCTGTATCGGCTACCACGCCAACAATAGCACCGACACCGTGGAT
ACAGTGCTGGAGAAGAACGTGACCETGACCCACTCTGTGAACCTGCTGGAGGACAGCCACAATGGCAAGCT
GTGTCTGCTCAAAGGCATTGCCCCTCTGCAGCTGGGCAATTCTTCTGTGGCCGGATGGATTCTGGGCAACC
CCGAGTGTGAGCTGCTCGATTTCTAAGGAGAGCTGGAGCTACATCGTGGAGACCCCCAATCCTCGAGAATGGC
ACCTGCTACCCTGGCTACTTCGCCGATTACGAGGAGCTGCGCGAGCAGCTGTCTAGCGTGTCCAGCTTCGA
GAGATTCGAGATCTTCCCCAAGGAGTCCAGCTGGCCTAATCACACAGTGACAGGCETGTCTGCCAGCTGTA
GCCACAACGGCAAAAGCAGCTTCTACCGGAACCTGCTGTGECTGACAGGCAAGAATGGCCTETACCCCAAC
CTGAGCAAGAGCTACGTGAACAACAAGGAAAAGGAAGTGCTGGTGCTGTCGGEGGAGTGCACCACCCTCCCAA
CATCGGAAATCAGCGGGCCCTGTACCACACAGAGAACGCCTATGTGAGCGTEGTGTCCAGCCACTACAGCA
GARGATTCACCCCCGAGATCGCCAAGAGACCCAAAGTGAGAGACCAGGAGGGCCGGATCAATTACTACTGG
ACCCTGCTGGAGCCTGGCGATACCATCATCTTCGAGGCCAACGGCAATCTGATCGCCCCTTGGTATGCCTT
TGCCCTGAGCAGAGGCTTTGECAGCGGCATCATCACAAGCAACGCCCCCATGGATGAGTGTGATGCCAAGT
GCCAGACACCTCAGGGCGCCATCAATAGCAGCCTECCCTTCCAGAATGTGCACCCTGTGACCATCGGCGAG
TGCCCCAAGTATGTGAGAAGCGCCAAGCTGAGAATGGTGACCGGCCTGAGAAACATCCCTCAGAGGGAGAC
CAGAGGACTGTTTGGAGCCATCGCCGGATTCATCGAGGGAGGATCGACAGGCATGCTGGATGGCTGGETACG
GCTACCACCACCAGAATGAGCAGGGCTCTGCATATGCCGCCGATCAGAAGTCTACCCAGAACGCCATCAAC
GGCATCACCAACAAGGTGAACAGCGTGATCGAGAAGATGAACACCCAGTTTACCGCTGTGGGCAAGGAGTT
CAACAAGCTGGAGCGGAGGATGGAGAACCTGAACAAGAAGGTGGACGACGGCTTTCTGGACATCTGGACCT
ACAATGCCGAACTCCTGGTCCTCCTCGAGAATGAGAGGACCCTGGACTTCCACGACAGCAACGTGAAGAAC
CTGTATGAGAAGGTGAACGAGCCAGCTGAAGAACAACGCCAAGCAGATCGGCAACGECTGCTTCGAGTTCTA
CCACAAGTGTAACAACGAGTGTATGGAGAGCGTCAAGAACGECACCTACGACTACCCTAAGTACAGCGAGG
AGAGCAAGCTGAACCGGGAGAAGATCGATTCCGCAGGCGACATCATCAAGCTGCTGAACGAGCAGGTGAAC
AAGGAGATGCAGAGCAGCAACCTCTACATGAGCATCGAGCAGCTGCTCCTACACCCACAGCCTGGACGGCGEL
CGGCCTGTTCCTGTTCGACCACGCCGCCCGAGGAGTACGAGCACGCCAAGAAGCTGATCATCTTCCTGARCG
AGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCCTGACCCAGATC
TTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCAA
GAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACGTGGCCCGAGCAGCACGAGGAGGAGCGTGCTGT
TCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGACCAGTAC
GTGAAGGGCATCGCCAAGAGCAGGCAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGARAGGGCGAA
TTGATCCAGATCTCCTETGCCTTCTAGTTGCCAGCCATCTGTTETTTGCCCCTCCCCCGTGCCTTCCTTGA
CCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATARAATGAGGARATTGCATCGCATTGTCTGAGTAGG
TGTCATTCTATTCTGGGGGETGGGGTGGGGCAGGACAGCAAGGGGGAGGATTCGGARGACAATAGCAGGCA
TGCTGGGEGATGCGETGGGCTCTATGGGTACCCAGETGCTGARAGAATTGACCCGGTTCCTCCTGGGCCAGAR
AGAAGCAGGCACATCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGETTCTTAGTTCCAGCCCCACTC
ATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAAAGTACTTGGAGCGGTCTCTCC
CTCCCTCATCAGCCCACCAAACCAARACCTAGCCTCCARGAGTGGGAAGAAATTARAGCAAGATAGGCTATT
AAGTGCAGAGGGAGAGAAAATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAATTTTAAGGCC
ATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTECGCTCGETCGTTCGG
CTGCGGCGAGCGETATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGG
AAAGAACATGTGAGCARAAGGCCAGCAARRGGCCAGGAACCATAAAAAGGCCGCGTTGCTGGCAGTTTTTCC
ATAGGCTCCAECCCCCCTGACGAGCATCACAAAARTCGACACTCAAGTCAGAGGTGGCCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTAC
CGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTETAGETCETTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCETTCAGCCCGACCGEQTGCGCC
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TTATCCGGTAACTATCGTCTTCGAGTCCAACCCGGTAAGACACCGACTTATCGCCACTGGCAGCAGCCACTGG
TAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAARAAGAGTTGGTAGC
TCTTGATCCGGCAAACAAACCACCGCTGGTAGCGETGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAG
ADAAAAAGGATCTCAAGAAGATCCTTTGATCITTTCTACGGGGTCTGACGCTCAGTGGAACGARAAACTCAC
GTTAAGGGATTTTGCTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT
TTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCGGGGGGGEGGGGCGCTGAGGTCTGC
CTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAAT CGCCCCATCATCCAGCCAGAARGTGAGGGAG
CCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACG
GTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTTATTCAACARAGCC
GCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAARAACT
CATCGAGCATCAARATGARACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGT
TTCITGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATCGCARGATCCTGGTATCGGTCTCGCGAT
TCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAARATAAGGTTATCAAGTGAGAAAT
CACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACA
GGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTG
AGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGA
ACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTC
CCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGCGAGTACGGATAAAATGCTTGATGGTCGGAAGAGG
CATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCARCGCTACCTTTGCCAT
GTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACA
TTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCCCGECCTCGAGCAAGA
CETTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTC
ATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCCCCCCC
CCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAA
TAAACAAATAGGGGTTCCGCGCACATTTCCCCGARAAGTGCCACCTGACGTCTAAGARACCATTATTATCA
TGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:131)

ATGAAGGCCAAACTGCTGCGTGCTGCTGTGTACCTTTACCGCCACCTACGCCCGACACAATCTGTATCGGCTA
CCACGCCAACAATAGCACCGACACCGTGGATACAGTGCTGGAGAAGAACGTGACCGTGACCCACTCTGTGA
ACCTGCTGGAGGACAGCCACAATGGCAAGCTGTGTCTGCTGARAGGCATTGCCCCTCTGCAGCTGGGCAAT
TGTTCTCTGGCCOGATGCATTCTGGGCAACCCCCAGTGTGAGCTGCTGATTTCTAAGCGAGAGCTGCCGAGCTA
CATCGTGGAGACCCCCAATCCTGAGAATGGCACCTGCTACCCTGGCTACTTCGCCGATTACGAGGAGCTGC
GCGAGCAGCTGTCTAGCCTGTCCAGCTTCCAGACGATTCCAGATCTTCCCCAAGGAGTCCAGCTGGCCTAAT
CACACAGTGACAGGCGTGTCTGCCAGCTGTAGCCACAACGGCAARAAGCAGCTTCTACCGGAACCTGCTGTC
GOTGACAGGCAAGAATGGCCTGTACCCCAACCTGAGCAAGAGCTACGTEGAACAACAAGGRAAALAGGAAGTGC
TGGTGCTGTGGGCAGTGCACCACCCTCCCAACATCCGAAATCAGCGGGCCCTGTACCACACAGAGAACGCC
TATGTGAGCGTGGTCETCCAGCCACTACAGCAGAAGATTCACCCCCGACGATCGCCAAGAGACCCARAGTGAG
AGACCAGGAGGGCCGGATCAATTACTACTGGACCCTGCTGGAGCCTGGCGATACCATCATCTTCGAGGCCA
ACGGCAATCTGATCGCCCCTTGGTATGCCTTTGCCCTCGAGCAGAGGCTTTGGCAGCGGCATCATCACAAGC
AACGCCCCCATGGATCGAGTGTCATGCCAAGTGCCAGACACCTCAGGGCGECCATCAATAGCAGCCTECCCTT
CCAGAATGTGCACCCTGTGACCATCGGECGAGTGCCCCAAGTATGTGAGAAGCGCCAAGCTGAGAATGGTGA
CCGGCCTGAGAAACATCCCTCAGAGGGAGACCAGAGGACTGTTTGGAGCCATCGCCAGATTCATCCAGGGA
GGATGGACAGGCATGGETGGATGGCTGGTACGGCTACCACCACCAGAATGAGCAGGGCTCTGGATATGCCGC
CGATCAGAAGTCTACCCAGAACGCCATCAACGGCATCACCAACAAGGETCGAACAGCGTGATCGAGAAGATGA
ACACCCAGTTTACCGCTGTGGGCAAGGAGTTCAACAAGCTGGAGCGEGAGGATCCAGAACCTGAACRAGAAG
GTGGACGACGGCTTTCTCGGACATCTGGACCTACAATGCCGAACTCCTGGTCCTCCTCGAGAATGAGAGGAL
CCTGGACTTCCACGACAGCAACGTGAAGAACCTGTATCGACGAACCTGARGAGCCAGCTGAAGAACAACGCCA
AGGAGATCGGCAACGGCTGCTTCGAGTTCTACCACAAGTGTAACAACGAGTGTATGGAGAGCGTGAAGAAL
GGCACCTACGACTACCCTAAGTACAGCGAGGAGAGCAAGCTGAACCGGGAGAAGATCGATTCCGGAGGCGA
CATCATCAAGCTGCTGAACGAGCAGGTGAACAAGGAGATGCAGAGCAGCAACCTGTACATCGAGCATGAGCA
GCTGGETGCTACACCCACAGCCTEGACGGCGCCEECCTETTCCTGTTCGACCACGCCGECCEAGGAGTACGAG
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CACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCC
CGAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGA
GCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTAC
GTGGCCGAGCAGCACGAGCAGGAGGTGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGA
GAACCACGGCCTGTACCTGGCCGACCAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCCTAG

Translation (SEQID NO:41)
MKAKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCLLKGTAPLQLGN
CSVAGWILGNPECELLISKESWSYIVETPNPENGTCYPGYFADYEELREQLSSVSSFERFEIFPKESSWEN
HTVTGVSASCSHNGKSSFYRNLLWLTGKNGLYPNLSKSYVNNKEKEVLVLWGVHHPPNIGNQRALYHTENA
YVSVVSSHYSRRFTPEIAKRPKVRDQEGRINY YWTLLEPGDTI IFEANGNLIAPWYAFALSRGFGSGIITS
NAPMDECDAKCQTPQGATNS SLPFONVHPVTIGECPKYVRSAXLRMVTGLRNIPQRETRGLFGAIAGFIEG
GWTGMVDGWYGYHHONEQGSGYAADQKSTONAING ITNKVNSVIEKMNTQFTAVGKEFNKLERRMENLNKK
VDDGFLDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNNECMESVKN
GTYDYPKYSEESKLNREKIDSGGDI IKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYE
HAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS
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H1CA HA(518) SGG egm (H1 2009CA HA-ferritin)

Plasmid DNA sequence (SEQID NO:132)

TCGCGCETTTCGGTGATGACGGTGARAACCTCTGACACATGCAGCTCCCGBAGACGETCACAGCTTGTCTG
TAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCCTCAGCEEETETTGGCCEETGTCGGGGCTGECT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTCGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGGAATTTCCARACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATACGTAACGCCAATAGGGAA
CTTCCATTGACGTCAATGGGTGCAGTATTTACCGGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACCTCAATCGACGCCAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGETTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACT CACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGGCAATTCCCAAAATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGETAGGCGTGTACGGTGGGAGETCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACCCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CECATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACGCCGETTCGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGATECCTCCTGAACTECGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGG
GCCTTTGTCCGECECTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACCGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGCAGEGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCECCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCETCGTCGACALG
TGTGATCAGATATCGCGEGCCGCTCTAGAGATATCGCCACCATGAAGGCCATCCTGGTGETGCTGCTGTACA
CCTTCGCCACCGCCAACGCCGACACCCTGTECATCGGCTACCACGCCAACAACAGCACCGACACCGTGGAL
ACCGTGCTGGAGAAGAACCTGACCGTGACCCACAGCGTGAACCTGCTGCGAGGACAAGCACAACGGCAAGCT
GTGCAAGCTGCCGGGCGTEGGCCCCCCTGCACCTGGGCAAGTGCAACATCGCCGGCTEGATTCTGGGCAACT
CCGAGTGCGAGAGCCTGAGCACCGCCAGCAGCTGGAGCTACATCGTGCAGACCCCCAGCAGCGACAALGGC
ACCTGCTACCCCGGCGACTTCATCGACTACCGAGGAGCTECGGGAGCAGCTGAGCAGCGTGAGCAGCTTCGA
GCGGTTCGAGATCTTCCCCAAGACCAGCAGCTGGCCCAACCACGACAGCAACAAGGGCGTGACCGCCGCCT
GCCCCCACGCCCECGCCAAGAGCTTCTACAAGAACCTGATCTGGCTGGTGAAGAAGGGCAACAGCTACCCC
ARGCTGACCAAGAGCTACATCAACGACAAGGGCAAGGAGGTECTGETGCTGTGGGGCATCCACCACCCCAG
CACCAGCGCCGACCAGCAGAGCCTGETACCAGAACGCCGACACCTACGTGTTCGTGEGGCAGCAGCCGGETACA
GCAAGAAGTTCAAGCCCGAGATCGCCATCCGGCCCAAGGTGCGEGACCAGGAGGGCCGCATGAACTACTAC
TGGACCCTGGTGGAGCCCGGCCACAAGATCACCTTCGAGGCCACCGGCAACCTGGTGGTGCCCCGGTACGC
CTTCCCCATCCAGCCGAACGCCGGCAGCGGCATCATCATCAGCGACACCCCCGETGCACGACTGCAACACCA
CCTGCCAGACCCCCAAGGGCGCCATCAACACCAGCCTGCCCTTCCAGARACATCCACCCCATCACCATCGGC
AAGTGCCCCAAGTACGTGAAGAGCACCAAGCTGCGGCTGGCCACCGGCCTGCGGAACATCCCCAGCATCCA
GAGCCGGGECCTETTCGGCGCCATCECCGGCTTCATCGAGGGCGGCTGGACCCGCATGGTGGACGGCTGET
ACGGCTACCACCACCAGAACGAGCAGGGCAGCGGCTACGCCGCCGACCTGAAGAGCACCCAGAACGCCATC
GACGAGATCACCAACAAGGTGAACAGCGTGATCGAGAAGATGAACACCCAGTTCACCGCCGTGGGCARAGGA
GTTCAACCACCTGGAGAAGCGGATCGAGAACCTGAACAAGAAGGETGGACGACGGCTTCCTGGACATCTGGA
CCTACAACGCCGAGCTGCTEGTGCTGCTCCGACAACCGAGCGGACCCTCGGACTACCACGACAGCAACGTGAAG
AACCTGTACGAGAAGCGTCGCGGAGCCAGCTGAAGAACAACGCCAAGGAGATCGGCAACGGCTGCTTCGAGTT
CTACCACAAGTGCGACAACACCTGCATGGAGAGCGTGAAGAACGGCACCTACGACTACCCCAAGTACAGCGE
AGGAGGCCAAGCTGAACCGGGAGGAGATCGACTCCGCGAGCCGACATCATCAAGCTGCTGAACGAGCAGGETG
AACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCTGGACGG
CGCCEGCCTETTCCTGTTCGACCACGCCGCCGAGGAGTACGAGCACGCCAAGAAGCTGATCATCTTCCTGA
ACGAGAACAACGTCCCCGTGCAGCTGACCAGCATCAGCGECCCCCGAGCACAAGTTCGAGGGCCTGACCCAG
ATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCAT
CAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGGAGETGC
TGTTCAAGGACATCCTGCGACARAGATCGAGCTGATCGGCAACGAGAACCACGCCCTGTACCTCGGCCGACCAG
TACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGCAAGGGT
GAATTGATCCAGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTTCTITGCCCCTCCCCCGTGCCTTCCT
TGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGT
AGGTGTCATTCTATTCTGGGEGGTGGCGTGGGCCAGGACAGCARGGGGGAGGATTGGGAAGACAATAGCAG
GCATGCTGEGGATGCGOETGGECTCTATEGGCGTACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGGGCCA
GAAAGARGCAGGCACATCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCAGCCCCA
CTCATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAAAGTACTTGGAGCGGETCTC
TCCCTCCCTCATCAGCCCACCAAACCAAACCTAGCCTCCAAGAGTGGGAAGARATTAARGCAAGATAGGCT
ATTAAGTGCAGAGGCAGAGAARATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAATTTTAAG
GCCATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT
CGGCTGCEECCAGCEGTATCAGCTCACTCAAAGGCGGTAATACGETTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTT
TCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGT CAGAGGTGGCGAAACCCGACA
GGACTATAAAGATACCAGGCGTTTCCCCCTEGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT
TACCGGATACCTGETCCGCCTTTCTCCCTTCGECAAGCCTGGCGCTTTCTCATAGCTCACGCTGTAGGTATC
TCAGTTCGGETCTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGLTGC
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GCCTTATCCGETAACTATCAGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCAC
TGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGCTGCTACAGAGTTCT TGAAGTCGTGGCCTAACTALG
GCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAARAGAGTTGGT
AGCTCTTGATCCGGECAARACARACCACCECTGETAGCGGTGEGTTTTTTTGTTTGCAAGCAGCAGATTACGCG
CAGAARARRAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAARCGAAAACT
CACGTTAAGGGATTTTGGTCATGAGATTATCAARAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGA
AGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGLC
ACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCGGGGGEGEGGGEGCECTGAGGTC
TGCCTCGTGAAGARGGTETTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGARAGTGAGG
GAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGA
ACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTTATTCAACARA
GCCGCCETCCCETCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGARAR
ACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGARARAGC
CGTTTCTCTAATGAAGGAGAARACTCACCGAGGCAGTTCCATAGGATGECAAGATCCTGGTATCGGTCTGC
GATTCCGACTCGETCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGA
AATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATCGCATTTCTTTCCAGACTTGTTCA
ACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGC
CTGAGCGAGACGAAATACGCGATCGCTCTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCA
GGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTT
TTCCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAG
AGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTIGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCG
ACATTATCGCGAGCCCATTTATACCCATATAARTCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCA
AGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTG
TTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATT TTGAGACACAACGTGGCTTTCCCCC
CCCCCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAA
AAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGARAAGTGCCACCTGACGTCTAAGAAACCATTATTA
TCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:133)

ATGAAGGCCATCCTGEGTCETECTGCTETACACCTTCGCCACCGCCAACGCCGACACCCTGTGCATCGGCTA
CCACGCCAACAACAGCACCGACACCETGGACACCCTGCTGGAGAAGAACGTCGACCGTCGACCCACAGCETGA
ACCTGCTGGAGGACAAGCACAACGECAAGCTGTGCAAGCTGCGGEECETEGGCCCCCCTGCACCTGEGCAAG
TGCAACATCGCCCCCTECATTCTGEGGCAACCCCGAGTGCGAGAGCCTEAGCACCGCCAGCAGCTGGAGCTA
CATCGTGGAGACCCCCAGCAGCGACAACGGCACCTGCTACCCCGGCGACTTCATCGACTACGAGCAGCTGC
GGGAGCAGCTGAGCAGCGTCGAGCAGCTTCGAGCGGTTCGAGATCTTCCCCAAGACCAGCAGCTGGCCCAAL
CACGACAGCAACAAGGGCGETGEACCGCCELCTGCCCCCACGCCEGCGEGCCAAGAGCTTCTACAAGAACCTGAT
CTGGCTGCTGAAGAAGGGCAACAGCTACCCCAAGCTGAGCAAGAGCTACATCAACGACAAGGGCAAGGAGG
TGCTGGTCCTGTGGGGCATCCACCACCCCAGCACCAGCGUCGALCCAGCAGAGCCTGTACCAGAACGCLGAL
ACCTACGCTGTTCGTGGGCAGCAGCCGETACAGCAAGAAGTTCAAGCCCGAGATCGCCATCCGGCCCAAGGT
GCGGGACCAGGAGGGCCGGATGAACTACTACTGGACCCTGGTGGAGCCCGGCGACAAGATCACCTTCGAGG
CCACCGGCAACCTGETGETCCCCCGETACGCCTTCGCCATGGAGCGGAACGCCEGECAGCGGCATCATCATC
AGCGEACACCCCCETECACGACTGCAACACCACCTGCCAGACCCCCARGGEGECGCCATCAACACCAGCCTAECC
CTTCCAGAACATCCACCCCATCACCATCGGCAAGTGCCCCARAGTACGTGAAGAGCACCAAGCTGCGGLCTGG
CCACCGGCCTGCEGAACATCCCCAGCATCCAGAGCCGGGGECCTEGTTCGGCGCCATCGCCGGCTTCATCGAG
GGCEACTGGACCGGECATGGTGGACGGCTEGGTACGGCTACCACCACCAGAACGAGCAGGGCAGCGGCTACGC
CGCCGACCTGAAGAGCACCCAGAACGCCATCGACGACGATCACCAACAAGGTGAACAGCGTGATCGAGAAGA
TCAACACCCAGTTCACCGCCGETGGECALAGEAGTTCAACCACCTGGAGAAGCGGATCGAGAACCTGAACAAG
AAGGTGGACGACGGCTTCCTGGACATCTGGACCTACAACGCCGAGCTGCTGGETGCTGCTGCAGAACCAGCG
GACCCTGCGACTACCACGACAGCAACGTGAAGAACCTGTACGAGAAGGTGCGGAGCCAGCTGAAGAACAACG
CCAAGGAGATCGGCAACGGCTGCTTCGAGTTCTACCACAAGTGCGACAACACCTGCATGGAGAGCGTGAAG
ARCGGCACCTACGACTACCCCAAGTACAGUGAGCGAGGCCAAGCTGAACCGGGAGGAGATCGACTCCGEGAGG
CGACATCATCRAAGCTGCTGAACGAGCAGGTGAACAAGCGAGATGCAGAGCAGCAACCTGTACATGAGCATGA
GCAGCTGGTGCTACACCCACAGCCTCGGACGGCGCCEGGECCTGTTCCTGTTCGACCACGCCGCCGAGGAGTAC
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GAGCACGCCAAGAAGCTCGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGC
CCCCGAGCACAAGTTCGAGGEGCCTCACCCAGATCTTCCAGARGGCCTACGAGCACGAGCAGCACATCAGCG
AGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGG
TACGTGGCCGAGCAGCACGAGGAGGAGGTGCTCGTTCAAGGACATCCTGGACARGATCGAGCTGATCGGCAA
CGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTGAAGGECATCGCCAAGAGCAGGAAGAGCGGATCC

Translation (SEQID NO:44)
MKATLVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAPLHLGK
CNIAGWILGNPECESLSTASSWSYIVETPSSDNGTCYPGDFIDYEELREQLSSVSSFERFEIFPKTSSWEN
HDSNKGVTAACPHAGAKSFYRNLIWLVKKGNSYPKLSKSY INDKGKEVLVLWGIHHPSTSADQOSLYQNAD
TYVFVGSSRYSKKFKPEIAIRPKVRDOEGRMNYYWTLVEPGDKITFEATGNLVVPRYAFAMERNAGSGIIT
SDTPVHDCNTTCQTPRKGAINTSLPFONTHPITIGKCPRKYVKSTKLRLATCLRNIPSIQSRGLFGATIAGEFIE
GGWTGMVDGWYGYHHONEQGSGYAADLKSTONAIDEITNKVNSVIEKMNTQFTAVGKEFNHLEKRTENLNK
KVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVK
NGTYDYPKYSEEAKLNREEIDSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHS LDGAGLFLFDHAAEEY
EHAKKLIIFLNENNVPVQLTSISAPEEKFEGLTQIFQRAYEHEQHISESINNIVDHATKSKDHATFNFLOW
YVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS
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Plasmid DNA sequence (SEQID NO:134)

TCGCGCOTTTCGGTCGATGACGGTGAARAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGETCTG
TARGCGGATGCCGGEAGCAGACAAGCCCGTCAGEGCGCETCAGCGEETETTGCCEEGTETCGEEGCTGECT
TAACTATGCGCCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGARAATACCGCACAGATGCG
TAAGCGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATCTCCAACATTACCGCCATGTTCGACATTGATTATTCGACTAGTTATTAATAGTAATCA
ATTACGCGCAACTTCCATAGCCCATATATGEGAGTTCCGCEGTTACATAACTTACGGGAATTTCCARACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
CTTCCATTIGACGTCAATGGGTGGAGTATTTACGEGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGEGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTCGCAGTACATCTACGTATTAGTCATCGCTATTACCATGETGATGCGGTTTTG
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GCAGTACATCAATGGGCETGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGEGAATTCCCAARATGETCETAARCAACTCCGCCCCATTGA
CGCAAATGGGCGCETAGGCGTGTACGETEGGAGETCTATATAAGCAGAGCTCGCTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCCATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGETGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTARAAGCTCAGGTCGAGACCGG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGECTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCETTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCCTCETCGACACG
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCGCCACCATGGCCATCATCTACCTGATCCTGCTGTTTA
CAGCTGTGCCGGGCGATCAGATCTGTATCGGCTACCACGCCARCAATAGCACCGAGAAGGTGGACACCATC
CTGGAAAGAAATGTGACCGTGACCCACGCCAAGGATATTCTCGAAAAGACCCACAACGECAAGCTGTGCAA
GCTGAATGGCATTCCTCCTCTGGAACTCCGCCCGATTGTTCTATTGCTGGCTGECTGCTCGEGGAAATCCTGAGT
GCGATAGACTGCTGTCTGTGCCTGACTGGAGCTACATCATGGAARAAGAGAACCCTAGGGACGGACTGTGT
TACCCCGGCAGCTTCAACGATTACGAGGAACTGAAGCACCTGCTGTCCAGCGTGAAGCACTTCGAGARAGT
GAAGATCCTGCCCAAGGATAGATGGACCCAGCATACAACAACAGGCGGAAGCAGAGCTTGTGCTGTGTCCG
GCAACCCCAGCTTCTTCAGAAATATGGTCTGGCTCACCAAGAAGGGCTCTAATTATCCTGTGGCCARGGGC
AGCTACAATAATACAAGCGCGCGAGCACGATGCTGAT TATTTGGGGCETGCACCACCCTAATGATCGAGACAGA
GCAGAGAACCCTGTACCAGAATGETCGGCACATACGTGTCTGTGGGCACCAGCACACTGAATARGAGAAGCA
CCCCCGATATTGCCACCAGACCCAAAGTGAATGGACAGGGCGGCAGAATGGAATTTTCCTGGACCCTGCTG
GATATGTGGGACACCATCAACTTTGAGAGCACCGGEAATCTGATTGCCCCTGAGTACGGCTTCAAGATCAG
CAAGAGAGGCAGCAGCGGCATCATGAAAACAGAGGGCACCCTGCAAAACTGTGAAACCAAGTGTCAGACAC
CTCTGGGCGCCATTAARTACCACCCTGCCCTTCCATAATGTGCACCCTCTGACAATCGGCGAGTGCCCTAAG
TACGTGAAGTCTCAGAAACTGGTGCTGGCCACACGGACTGAGAAATGTGCCCCAGATCGAGTCAAGAGGCCT
GTTTGGAGCCATTGCCGGCTTTATTGAAGGCGGATGGCAGGGAATGGTGEATGGGTGGTACGGCTATCACC
ACAGCAATGATCAGGGATCTGGCTATGCCGCCGATAAAGAGAGCACCCAGAAGGCCTTTGACGGCATCACC
AACAAAGTGAACAGCGTGATCGAGAAGATGARACACCCAGTTTCAGCGCCGTGGGCAAAGAGTTCAGCAATCT
GGAAAGACGGCTGGAARACCTGAACAAGAARATGGAAGATGGCTTCCTEGCGACCTGTGGACATATAATGCCG
AGCTGCTGGTGCTGATGGAAARCGCAGAGGACCCTGGACTTTCACCGACAGCAACGTGAAGAACCTGTACGAC
AAMGTGCCGGATCCAGCTCAGAGACAATGTGAARAGAGCTGGGCAACGGCTGCTTTGAGTTCTACCACAAGTG
CGACGACGAGTGCATGRATAGCGTGAAGAACGGCACCTACGACTACCCTAAGTATGAGGAAGAGAGCAAGC
TGAACAGAAACGAGATCAAGTCCGGAGCCGACATCATCAAGCTGCTCGAACGAGCAGGETCGAACAAGEAGATG
CAGAGCAGCAACCTGTACATGAGCATGAGCAGCTCCTGCTACACCCACAGCCTGGACGGCGCCGGCCTGTT
CCTGTTCGACCACGCCGCCCAGGAGTACCAGCACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACG
TECCCETGCAGCTGACCAGCATCAGCGCCCCCGAGCACARGTTCGAGGGCCTGACCCAGATCTTCCAGAAG
GCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCARGAGCAAGGA
CCACGCCACCTTCAACTTCCTGCAGTGGTACCTCGCCGAGCAGCACGACGAGGAGGTGCTEGTTCAAGGACA
TCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTGAAGGGC
ATCGCCAAGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGAAGGGCGAATTGATCCAG
ATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCT
ATTCTGGGCGGGTGEGCTCGGECAGGACAGCAAGCCGCGAGCATTCGCAAGACAATAGCAGGCATGCTGGGGA
TGCGGTGGGCTCTATGGEGTACCCAGGTGCTCGAAGAATTGACCCEGGTTCCTCCTGGGCCAGAAAGARGCAGG
CACATCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCAGCCCCACTCATAGGACAC
TCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAAAGTACTTGGAGCGGTCTCTCCCTCCCTCAT
CAGCCCACCARACCARAACCTAGCCTCCAAGAGTGGCGAAGAAATTAAAGCAAGATAGGCTATTAAGTGCAGA
GGGAGAGAAAATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAATTTTARGGCCATGATTTAA
GGCCATCATGCCCTTAATCTTCCGCTTCCTCECTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGA
GCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGCATAACGCAGGARAGAACAT
GTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTARAAAGGCCGCETTGCTGECETTTTTCCATAGGCTCC
GCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGCGACTATAAAGA
TACCAGGCGTTTCCCCCTGEGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGEGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCACTTCGGTGT
AGGTCGTTCGCTCCAAGCTGEGCTGTGTGCACGAACCCCCCETTCAGCCCGACCGCTGCGCCTTATCCGET
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AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT
TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGACGTTCTTCAAGTCCTGGCCTAACTACGCCTACACTAGAA
GAACAGTATTTGGTATCTGCGCTCTGCTCGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCC
GGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGCTTTGCAAGCAGCAGATTACGCGCAGAARARAAGG
ATCTCAAGAAGATCCTTTGATCTTTTCTACCGCGTCTCGACGCTCAGTGGAACCAAARACTCACGTTAAGGGA
TTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTARATCA
ATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGC
GATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCECGGEEGEGEEGCGCTGAGGTCTGCCTCGTGAAG
AAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTCAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTCGCCACGGAACGGTCTGCGTT
GTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCCGATTTATTCAACAAAGCCGCCGTCCCG
TCAAGTCAGCGTAATGCTCTGCCACGTGTTACAACCAATTAACCAATTCTGATTAGAARAACTCATCGAGCA
TCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAARAGCCGTTTCTGTAAT
GAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCG
TCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAG
TGACGACTGAATCCGGTCGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCA
TTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACG
AAATACGCGATCGCTGTTAARAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCA
GCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATC
GCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTC
CGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAA
ACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGA
GCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCG
TTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATA
TATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGECTTTCCCCCCCCCCCCATTAT
TGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACARAAT
AGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGARACCATTATTATCATGACATTAA
CCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:135)

ATCGCCATCATCTACCTGATCCTGCTETTTACAGCTGCGTGCGEEGECCATCAGATCTETATCGGCTACCACGC
CAACAATAGCACCGAGAAGGTGCACACCATCCTGGARAGARATGTGACCGTGACCCACGCCARGGATATTC
TGGAAAAGACCCACAACGGCAAGCTGTGCAAGCTGAATGGCATTCCTCCTCTGGAACTGGEGCCGATTGTTCT
ATTGCTGGCTGGCTGCTEGGAAATCCTGAGTGCCGATAGACTGCTGTCTGTGCCTGAGTGGAGCTACATCAT
GGAAAAAGAGAACCCTAGGGACGGACTGTETTACCCCGGCAGCTTCAACGATTACGAGGAACTGAAGCACC
TGCTGTCCAGCGTGAAGCACTTCGAGAAAGTGAAGATCCTGCCCAAGGATAGATGGACCCAGCATACAACA
ACAGGCGGAAGCAGAGCTTGTGCTGTGTCCGGCAACCCCAGCTTCTTCAGAAATATGGTCTGGCTGACCAA
GAAGGGCTCTAATTATCCTGTGGCCAAGGGCAGCTACAATAATACAAGCGGCGAGCAGATGCTGATTATTT
GGGGCGTGCACCACCCTAATGATGAGACAGAGCAGAGAACCCTGTACCAGAATGTGGGCACATACGTGTCT
GTGGGCACCAGCACACTGAATAAGAGAAGCACCCCCGATATTGCCACCAGACCCARAGTGAATGGACAGGG
CGGCAGAATGGAATTTTCCTGGACCCTGCTGGATATGTGCGCGACACCATCAACTTTGAGAGCACCGGGAATC
TGATTGCCCCTGAGTACGGCTTCAAGATCAGCAAGAGAGGCAGCAGCGGCATCATGAAAACAGAGGGCACC
CTGGAAAACTGTGAAACCAAGTGTCAGACACCTCTGGGCGCCATTAATACCACCCTGCCCTTCCATAATGT
GCACCCTCTGACAATCGGCGAGTGECCCTAAGTACGTGAAGTCTGAGARAACTGGTGCTGGCCACAGGACTGA
GAAATGTGCCCCAGATCGAGTCAAGAGGCCTGTTTGGAGCCATTGCCGGCTTTATTGAAGGCGGATGGCAG
GGAATGETGEATGGETEGGTACGGECTATCACCACAGCAATGATCAGGGATCTGGCTATGCCGCCGATAAAGA
GAGCACCCAGAAGGCCTTTGACGGCATCACCAACAAAGTGAACAGCGTGATCGAGAAGATGAACACCCAGT
TTGAGGCCGTGEGGCAAAGAGTTCAGCAATCTGGAAAGACGGCTGGAARACCTGAACAAGAAALATGGAAGAT
GGCTTCCTGEGACGTATGGACATATAATGCCGAGCTGCTGGTGCTGATGGAAAACGAGAGGACCCTGGACTT
TCACGACAGCAACGTGAAGAACCTEGTACCGACARAGTGCGGATGCAGCTGAGAGACAATGTGAAAGAGCTGG
GCAACGGCTGCTTTGAGTTCTACCACAAGTGCGACGACGAGTGCATGAATAGCGTGAAGAACGGCACCTAC
GACTACCCTAAGTATGAGGAAGAGAGCAAGCTGAACAGAAACGAGATCAAGTCCGGAGGCGACATCATCAA
GCTGCTGAACGAGCAGGTGAACALGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCT
ACACCCACAGCCTGGACGGCGCCGGCCTETTCCTGTTCGACCACGCCGCCGAGCGAGTACGAGCACGCCAAG
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AAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCETGCAGCTGACCAGCATCAGCGCCCCCGAGCACAA
GTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACA
ACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACGTGGCCGAG
CAGCACGAGGAGGAGGTGCTGTTCAAGGACATCCTGGACAAGATCCGAGCTGATCGGCAACGAGAACCACGG
CCTGTACCTGGCCGACCAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCC

Translation (SEQ ID NO:47)
MAIIYLILLFTAVRGDQICIGYHANNSTEKVDTILERNVTVTHAKD ILEKTHNGKLCKLNGIPPLELGDCS
IAGWLLGNPECDRLLSVPEWSYIMEKENPRDGLCYPGSFNDYEELKHLLSSVKHFEKVKILPKDRWTQHTT
TGGSRACAVSGNPSFFRNMVWLTKKGSNYPVAKGSYNNTSGEQMLI IWGVHHPNDETEQRTLYQNVGTYVS
VGTSTLNKRSTPDIATRPKVNGQGGRMEFSWILLDMWDTINFESTGNLIAPEYGFKISKRGSSGIMKTEGT
LENCETKCQTPLGAINTTLPFHNVHPLTIGECPKYVKSEKLVLATGLRNVPQIESRGLFGATIAGFIEGGWQ
GMVDGWYGYHHSNDQGSGYAADKESTQKAFDGITNKVNSVIEKMNTQFEAVGKEFSNLERRLENLNKKMED
GFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRMQLRDNVKELGNGCFEFYHKCDDECMNSVKNGTY
DYPKYEEESKLNRNEIKSGGDIIKLINEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAK
KLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLQWYVAE
QCHEEEVLFKDILDKIBLIGNENHGLYLADQYVKGTAKSRKSGS
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Plasmid DNA sequence (SEQID NO:136)
TCGCECETTTCCETGATGACGETGAAAACCTCTGACACATGCAGCTCCCGGAGACGETCACAGCTTGTCTG

TAAGCGGATGECCCCCGAGCAGACAAGCCCATCAGGGCGCGTCAGCGGGTETTGGCGEETGTCGEGGCTGGLT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACCCCAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGGAATTTCCARACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTARACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGCCAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCARAAATCAACGGGAATTCCCAAAATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACGCCGETTGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGE
GCCTTTGTCCGGCGCTCCCTTCGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGETCTTTTCTGCAGTCACCETCGTCGACACG
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCGCCACCATGAAAACCATCATTGCCCTGAGCTACATCT
TTTGTCTGGCTCTGGGCCAGBATCTGCCCGGCAATGATAATAGCACCGCCACCCTGTGTCTGGGACACCAC
GCCGTGCCTAATGGCACCCTGGTGAAAACCATTACCGACGACCAGATCGAAGTGACCAATGCCACCGAGCT
GGTGCAGAGCAGCAGCACCGGCAAGATCTGCAACAACCCCCACAGAATCCTGGATGGCATCGACTGTALCCC
TGATCGATGCCCTGCTGGGCGATCCTCACTGCGACGTGTTCCAGAACGAGACATGGGACCTGTTCCTGGAG
AGAAGCAAGGCCTTCAGCAACTGCTACCCCTACGATGTGCCCGATTACGCCTCTCTGAGAAGCCTGGETGGC
CAGCAGCGGCACACTGGAATTCATCACCGAGGGCTTTACCTGGACAGGCGTGACCCAGAATGGCGGCAGCA
ATGCCTETARAAGAGGCCCTGECAGCGGCTTCTTCAGCAGACTGAACTGGCTGACCAAGTCCGGCAGCACC
TACCCTGTGCTGAACGTGACCATGCCCAACAACGACAACTTCGACAAGCTGTACATCTAGGGCGTGCACCA
CCCTAGCACCAATCAGGAACAGACCAGCCTGTACGTGCAGGCCAGCGGCAGAGTGACCGTGTCTACCAGAC
GGTCCCAGCAGACCATCATCCCCAACATCGAGTCAAGACCTTGGETGCGCGGCCTGAGCAGCAGAATCAGC
ATCTACTGGACCATCGTGAAACCTGGCGACGTGCTGGTGATCAACAGCAATGGCARCCTGATCGCCCCCAG
AGGCTACTTCAAGATGCGGACCGGCAAGAGCAGCATCATCGAGAAGCGACGCCCCCATCGATACCTGTATCA
GCGAGTGCATCACCCCCAACGECAGCATCCCCAACGACAAGCCCTTCCAGAACGTGARCAAGATCACCTAC
GGCGCCTGCCCTAAGTACGTGAAGCAGAACACCCTGAAGCTGGCCACCGGCATGAGAAATGTGCCCGAGAA
GCAGACAAGAGGCCTETTTGGCGCCATTGCCGUCTTTATCGAGAACGGCTGGGAGGGCATGATCCATGGGET
GGTACGGCTTCAGACACCAGAATTCTGAGGGCACAGCACAGGCCGCCGATCTGAAGTCTACACAGGLCCGCC
ATCGACCAGATCAACGGCAAGCTGAACAGAGTGATCGAGAAAACCAACGAGAAGTTCCACCAGATCGAGAA
AGAATTCAGCGAGGTGGAGGGCAGAATCCAGGACCTGGAAAANTACGTGGAGGACACCAAGATCGACCTGT
GGAGCTACAATGCCGAACTGCTGGTCACCCTGGAAAACCAGCACACCATCGACCTGACCGACAGCGAGATG
AATAAGCTGTTCGAAAAGACCAGACGGCAGCTGAGAGAAAACGCCGAGGACATGGGCAACGGCTGCTTCAA
GATCTACCACAAGTGCGACAACGCCTGCATCGAGAGCATCAGAANCGGCACCTACGACCACGATGTGTACA
GGGACGAGGCCCTGAACAACAGATTCCAGATCAAGTCCGGAGGCCGACATCATCAAGCTGCTGAACGAGCAG
GTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATGCGAGCAGCTGGTGCTACACCCACAGCCTGGA
CGGECGCCEECCTETTCCTGTTCCGACCACGCCECCCGAGCGAGTACGAGCACGCCAAGAAGCTGATCATCTTCC
TGAACGAGAACAACGTGCCCGETGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCCTGACC
CAGATCTTCCAGAAGGCCTACGAGCACCAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGC
CATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACCTGGCCGAGCACGCACGAGGAGGAGG
TGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGAC
CAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGAAG
GGCGAATTGATCCAGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTT
CCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGCAAATTGCATCGCATTGTCTG
AGTAGGTGTCATTCTATTCTGGGGGGTGGEGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAG
CAGGCATGCTGGGGATGCGGTCCGCTCTATGGGTACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGGG
CCAGAAAGAAGCAGGCACATCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCAGCC
CCACTCATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAAAGTACTTGGAGCGGT
CTCTCCCTCCCTCATCAGCCCACCAAACCAAACCTAGCCTCCAAGAGTGGGAAGAAATTARAGCAAGATAG
GCTATTAAGTGCAGAGGGAGAGAAAATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAATTTT
AAGGCCATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTC
GTTCGGCTGCGECGAGCGGTATCAGCTCACTCARAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA
CGCAGGAAAGAACATGTGAGCAAAAGCGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGT
TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACARAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCG
ACAGGACTATAAAGATACCAGGCGETTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCC
GCTTACCGGATACCTGTCCECCTTTCTCCCTTCGGEGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGT
ATCTCAGTTCGGTGTAGGTCGCTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGL
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TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGC
CACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGARAAAAGAGTT
GGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGCTGCTTTTTTTGTTTGCARGCAGCAGATTAC
GCGCAGAAARAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGCGTCTCACGCTCAGTGGAACGAAA
ACTCACGTTAAGGGATTTTGGETCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTARARA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGA
GGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTCGACTCGGGGEEGEEGGGGGCGCTGAG
GTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGEGCCTGAATCGCCCCATCATCCAGCCAGARAGTG
AGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCAC
GGAACGGTCTGCGTTGTCGGGAAGATGCGETGATCTGATCCTTCAACTCAGCAAAAGTTCGATTTATTCAAC
AANGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTEGTTACAACCAATTAACCAATTCTGATTAGA
ARAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAA
AGCCGTTTCTGCGTAATGAAGGAGAARACTCACCGAGGCAGT TCCATAGGATGGCAAGATCCTGGTATCGGTC
TGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTG
AGAAATCACCATGAGTGACGACTGAATCCGGTCGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGT
TCAACAGGCCAGCCATTACGCTCGTCATCARAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTG
CGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAACGACAATTACAAACAGGAATCGAATGCAACCGGC
GCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCT
GTTTTCCCGGGGATCGCAGTGCTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTCGATGGTCGG
AAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTCGACCATCTCATCTGTAACATCATTGGCAACGCTACCTT
TGCCATGTTTCAGAAACAACTCTGECGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGC
CCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGA
GCAAGACGTTTCCCGTTGAATATEGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTA
TTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCC
CCCCCCCCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTA
GAAARATAAACAAATAGGGGTTCCGCGCACATTTCCCCGARAAGTGCCACCTGACGTCTARGAAACCATTA
TTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:137)

ATGAARACCATCATTGCCCTGAGCTACATCTTITGTCTGGCTCTGGGCCAGGATCTGCCCGGCAATGATAA
TAGCACCGCCACCCTETGTCTGECGACACCACGCCEGTGCCTAATGGCACCCTGGTCGAAAACCATTACCGALCG
ACCAGATCGAAGTEACCAATGCCACCGAGCTGGTGCAGAGCAGCAGCACCGGCAAGATCTGCARCAALCCCC
CACAGAATCCTGCGATGGCATCGACTGTACCCTGATCGATGCCCTGCTGGGCGATCCTCACTGCGACGTGTT
CCACAACGAGACATGEGEACCTETTCCTGEAGAGARGCAAGGCCTTCAGCAACTGCTACCCCTACGATGTGC
CCGATTACGCCTCTCTGAGAAGCCTGETEGCCAGCAGCGGCACACTGGAATTCATCACCGAGGGCTTTACC
TGGACAGGCGTGACCCAGAATGGCGGCAGCAATGCCTGTAAAAGAGECCCTEGGCAGCGGCTTCTTCAGCAG
ACTCAACTCGCTGACCAAGTCCGGCAGCACCTACCCTGTGCTGAACGTCGACCATGCCCAACAACGACAACT
TCCACAAGCTGTACATCTGGGGCCTGCACCACCCTAGCACCAATCAGGAACAGACCAGCCTGTACGTGCAG
GCCAGCGGCAGAGTGACCGTGTCTACCAGACGGTCCCAGCAGACCATCATCCCCAACATCGAGTCAAGACC
TTGGETGCGCGGCCTGAGCAGCAGAATCAGCATCTACTGGACCATCGTGARACCTGGCGACGTGCTGGTGA
TCAACAGCAATGGECAACCTGATCGCCCCCAGAGGCTACTTCAAGATGCGGACCGGCAAGAGCAGCATCATG
AGAAGCGACGCCCCCATCGATACCTGTATCAGCGAGTGCATCACCCCCAACGGCAGCATCCCCAACGACAA
GCCCTTCCAGAACGTGAACAACGATCACCTACGGCEGCCTGCCCTRAAGTACGTGAAGCAGAACACCCTGAAGC
TGGCCACCGECATGAGAAATGTGCCCGAGAAGCAGACAAGAGGCCTGTTTGGCGCCATTGCCGGCTTTATC
GAGAACGGECTCECAGGGECATCGATCCATGOGGTEGGTACCGECTTCAGACACCAGAATTCTCGAGGGCACAGGACA
GGCCGECCEATCTGAAGTCTACACAGGCCGCCATCGACCAGATCAACGGCAAGCTGAACAGAGTGATCGAGA
ARACCAACGAGAAGTTCCACCAGATCGAGARAGAATTCAGCGAGETGGAGGCCAGAATCCAGGACCTGGAA
AAATACGTGGAGGACACCAAGATCGACCTGTGGAGCTACAATGCCGAACTGCTGGTCGCCCTGGARAACCA
GCACACCATCGACCTGACCGACAGCGAGATGAATAAGCTGTTCGAAAAGACCAGACGGCAGUTGAGAGAAA
ACGCCGAGGACATGGGCAACGGCTGCTTCAAGATCTACCACAAGTGCGACAACGCCTGCATCGAGAGCATC
AGAAACGGCACCTACGACCACGATGTGTACAGGGACGAGGCCCTGAACAACAGATTCCAGATCAAGTCCGG
AGGCGACATCATCAAGCTGCTGAACGAGCAGGTGAACAAGGAGATEGCAGAGCAGCAACCTGTACATGAGCA
TGAGCAGCTGGTGCTACACCCACAGCCTGGACGGCGCCGGCCTGTTCCTGTTCGACCACGCCGCCGEGAGGAG
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TACGAGCACGCCAARGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAG
CGCCCCCGAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCA
GCGAGAGCATCAACAARCATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAG
TGGTACGTGGCCGAGCAGCACGAGGAGGAGGTGCTGTTCAAGCGACATCCTCGGACAACGATCGAGCTGATCGG
CAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACCGTCGARGGGCATCGCCAAGAGCAGGAAGAGCGGAT
cc

Translation (SEQ ID NQO:50)
MKTITIALSYIFCLALGQDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGKICNNP
HRILDGIDCTLIDALLGDPHCDVFONETWDLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEFITEGFT
WTGVTQONGGSNACKRGPGSGFFSRLNWLTKSGSTYPVLNVTMPNNDNFDKL Y TWGVHHPSTNQEQTSLYVQ
ASGRVTVSTRRSQQTIIPNIESRPWVRGLSSRISIYWTIVKPGDVLVINSNGNLTAPRGYFKMRTGKSSIM
RSDAPIDTCISECITPNGSIPNDKPFONVNKITYGACPKYVKONTLKLATGMRNVPEKQTRGLFGATAGEFT
ENGWEGMIDGWYGFRHONSEGTGQAADLKSTQAATDQINGKINRVIEBKTNEKFHQIEKEFSEVEGRIQDLE
KYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRRQLRENAEDMGNGCFKIYHKCDNACTEST
RNGTYDHDVYRDEALNNRFQIKSGGDIIKLLNEQVNKEMQOSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEE
YEHAKKLITIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHATIKSKDHATEFNFLQ
WYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGTIAKSRKSGS
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N
528 3

\

CMV8x/R-H3Bris HA(519)_SGG_egm

Odsooy puioyds 3
40ua(g BuroydguoY

H3 Bris HA(519)_SGG_egm (H2Z 2007Bris HA-ferritin)

Plasmid DNA sequence (SEQID NO:138)

TCGCGCGTTTCGGCTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTG
TAAGCGGATGCCGGGAGCAGACAAGCCCETCAGEGCGCGETCAGCGEGEETGTTEGECEEETETCGGEECTEGLT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGEGTGTGARATACCGCACAGATGCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATCGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGGAATTTCCAAACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGARA
CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGCGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCEGCTATTACCATGGTEGATGCGETTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGGGAATTCCCAARATGTCGTAACAACTCCGCCCCATTGA
CGCARATGGGCGETAGGCATGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCECCEGCCCTACCTGAGGCCGCCATCCACGCCGETTGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTARAGCTCAGGTCGAGACCGEG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGCTGGAGCGCAGCTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCCGCCACCATGARAACCATCATTGCCCTGAGCTACATCC
TGTGCCTGETGTTCACACAGAAGCTGCCCGGCAACGATAATAGCACCGCCACACTGTGCTCTGGGACACCAL
GCCGTGCCTAATGGCACCATCGTGAAAACAATCACCAACGACCAGATCGAAGTGACCAATGCCACAGAGCT
GGTGCAGAGCAGCAGCACAGGCGAGATCTGTGACAGCCCCCACCAGATCCTGGATGGCGAGAACTGTACCC
TGATCGATGCCCTGCTGEGCGATCCTCAGTCGCGACGGCTTCCAGAACARGAAATGGGACCTGTTCGTGGAG
AGAAGCAAGGCCTACAGCAACTGCTACCCCTACGACGTGCCTGATTACGCCAGCCTGAGAAGCCTGGTGGC
CTCTAGCGGCACCCTGGAATTCAACAACGAGAGCTTCAACTGGACCGGCGTGACACAGAATGGCACCAGCA
GCGCCTGCATCAGACGGTCCAACAACAGCTTCTTCAGTAGACTGAATTGGCTGACCCACCTGAAGTTCAAG
TACCCCGCCCTGAACGTGACCATGCCCAACAATGAGAAGTTCGACAAGCTGTACATCTGGGGAGTGCACCA
CCCTGGCACCGACAACGATCAGATCTTCCCTTACGCCCAGGCCAGCGGCAGAATCACCGTGTCCACCAAGA
GAAGCCAGCAGACCGTGATCCCCAATATCGGCAGCAGACCCAGAGTGCGGAACATCCCCAGCAGGATCAGC
ATCTACTGGACAATCGTGAAGCCTGGCGACATCCTGCTCGATCAACAGCACCGGCAACCTGATCGCCCCTCG
GGGCTACTTTAAGATCAGAAGCGGCAAGAGCAGCATCATGAGATCCGACGCCCCCATCGECAAGTGCAACA
GCGAGTGCATCACCCCAAACGGCAGCATCCCCAACGACAAGCCCTTCCAGAACGTGAACAGGATCACCTAC
GGCGCCTECCCTAGATACGTGAAGCAGAACACCCTGAAGCTGGCCACCGGCATGAGAAATGTGCCCGAGAA
GCAGACCAGAGGCATCTTTGGCGCCATTGCCGGCTTTATCGAGAATGGCTGEGAGGGAATGETGGATGGGT
GGTACGGCTTCAGACACCAGAATAGCGAGGGAATTGGACAGECCECCGATCTGAAATCTACCCAGGCCGCC
ATCGACCAGATCAACGGCAAGCTGAACAGGCTCATCGGCAAGACCAACGAGAAGTTCCACCAGATCGAGAA
AGAATTCAGCGAGGTGGAGGGCAGAATCCAGCACCTGCAAAAATACGTGGAGGACACCAAGATCGACCTGT
GGAGCTACAATGCCGAACTGCTGGTCGCCCTGGAAAACCAGCACACAATTGATCTGACAGACAGTGAGATG
AATAAGCTGTTCGAGAARACCAAGAAGCAGCTGAGAGAAAACCCCGAGCACATGCCGCAACGGCTGCTTCAA
GATCTACCACAAGTGCGACAACGCCTGCATCGGCAGCATCAGARACGGCACCTACGACCACGACGTGTACA
GAGATGAGGCCCTGAACAACCGGTTTCAGATCAAGTCCGEGGAGGCGACATCATCAAGCTGCTGAACGAGCAG
GTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCTGGA
CGGCGCCGECCTGTTCCTGTTCCGACCACGCCGCCGAGCGAGTACGAGCACGCCAAGAAGCTGATCATCTTCC
TGAACGAGAACAACGTGCCCEGTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCCTGACC
CAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGC
CATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGGAGG
TGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGAC
CAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGAAG
GGCGAATTGATCCAGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTITGTTTGCCCCTCCCCCGTGCCTT
CCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTG
AGTAGGTGTCATTCTATTCTGGGGGGTGGECTGCGECAGGACAGCAAGGGGCAGGATTGGGAAGACAATAG
CAGGCATGCTGGGCGATGCGGTGGGCTCTATGGGETACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGGE
CCAGAAAGAAGCAGGCACATCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCAGCC
CCACTCATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTARAGTACTTGGAGCGGT
CTCTCCCTCCCTCATCAGCCCACCAAACCAAACCTAGCCTCCAAGAGTGGCAAGAAATTAAAGCAAGATAG
GCTATTAAGTGCAGAGGGAGAGAAAATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAATTTT
AAGGCCATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCEGCTGCGCTCGETC
GTTCGGCTECGGCCAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA
CGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTARAAAGGCCGCGTTGCTGGCGT
TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAARATCGACGCTCAAGTCAGACGTGGCGAAACCCG
ACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCC
GCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGET
ATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTCTGCACGAACCCCCCGTTCAGCCCGACCGC
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TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGETAAGACACGACTTATCGCCACTGGCAGCAGC
CACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACACTAGAAGAACAGTATTTGGTATCTGCCCTCTCCTCGAAGCCAGTTACCTTCGGAAAAAGAGTT
GGTAGCTCTTGATCCGGCAAACARACCACCGCTGETAGCGETGGTTTTTTTGTTTGCAAGCAGCAGATTAC
GCGCAGAAARAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGCTCTGACGCTCAGTGGAACGARAA
ACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTARARA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTCGGTCTGACAGTTACCAATGCTTAATCAGTGA
GGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCGEGGEGEGEEGGECEGCTGAG
GTCTGCCTCGTGAAGAAGCTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTG
AGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGCTGGACCAGTTGGTGAT TTTGAACTTTTGCTTTGCCAC
GGAACGGTCTGCGTTGTCGGGAAGATGCCTCGATCTGATCCTTCAACTCAGCAAAAGTTCGATTTATTCAAC
AAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGA
AARAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAA
AGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGCATGGCAAGATCCTGGTATCGGTC
TGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCARARATAAGGTTATCAAGTG
AGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGT
TCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTG
CGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGCGACAATTACAAACAGGAATCGAATGCAACCGGC
GCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCT
GTTTTCCCGGGGATCGCAGTGGTCGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGG
AAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTT
TGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGC
CCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGA
GCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTA
TTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCC
CCCCCCCCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTA
GAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTA
TTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQ ID NO:139)

ATGAARACCATCATTGCCCTGAGCTACATCCTGTGCCTGETGTTCACACAGAACGCTGCCCGGCAACGATAR
TAGCACCGCCACACTGTGTCTGGGACACCACGCCETGCCTAATGGCACCATCGTGAARACAATCACCAACG
ACCAGATCGAAGTGACCAATGCCACAGAGCTGGTGCAGAGCAGCAGCACAGGCGAGATCTGTGACAGCCCC
CACCAGATCCTGGATGGCCGAGAACTGTACCCTGATCGATGCLCCTGCTGGGCEATCCTCAGTGCGACGGLTT
CCAGAACAAGAAATGGGACCTGTTCGTGGAGAGAAGCAAGGCCTACAGCAACTGCTACCCCTACGACGTGC
CTGATTACGCCAGCCTGAGAAGCCTGGTGGCCTCTAGCGGCACCCTGGAATTCAACAACGAGAGCTTCAAC
TGGACCGGCGTGACACAGAATGGCACCAGCAGCGCCTGCATCAGACGGTCCAACAACAGCTTCTTCAGTAG
ACTGAATTGGCTGACCCACCTGAAGTTCAAGTACCCCGCCCTGAACGTGACCATGCCCAACAATGAGAAGT
TCGACAAGCTGTACATCTGGGGAGTGCACCACCCTGGCACCGACAACGATCAGATCTTCCCTTACGCCCAG
GCCAGCGGCAGAATCACCGTGTCCACCAAGAGAAGCCAGCAGACCGTGATCCCCAATATCGGCAGCAGACC
CAGAGTGCGGAACATCCCCAGCAGGATCAGCATCTACTGGACAATCGTGAAGCCTGGCGACATCCTGCTGA
TCAACAGCACCGGCAACCTGATCGCCCCTCGGGGCTACTTTAAGATCAGAAGCGGCAAGAGCAGCATCATG
AGATCCGACGCCCCCATCGGCAAGTGCAACAGCGAGTGCATCACCCCAAACGGCAGCATCCCCAACGACAA
GCCCTTCCAGAACGTGAACAGGATCACCTACGGCGCCTGCCCTAGATACGTGAAGCAGAACACCCTGAAGC
TGGCCACCGGCATGAGARATGTGCCCGAGAAGCAGACCACGAGGCATCTTTGGCGECCATTGCCGGLCTTTATC
GAGAATGGCTGGGAGGGAATGGTGGATGGGTGGTACGGCTTCAGACACCAGAATAGCGAGGGAATTGGACA
GGCCGCCGATCTGAAATCTACCCAGGCCGCCATCGACCAGATCAACGGCARGCTGAACAGGCTGATCGGCA
AGACCAACGAGAAGTTCCACCAGATCGAGAAAGAATTCAGCGAGGTGGAGGGCAGAATCCAGGALCCTGGAA
AAATACGTGGAGGACACCAAGATCGACCTGTGGAGCTACAATGCCGAACTGCTGGTCGCCCTGGARARACCA
GCACACAATTGATCTGACAGACAGTCGAGATGAATAAGCTGTTCGAGAARACCAAGARGCAGCTCGAGAGAAA
ACGCCGAGCGACATGGGCAACGGCTGCTTCAACGATCTACCACAAGTGCGACAACGCCTGCATCGGCAGCATC
AGAANACGGCACCTACGACCACGACGTGTACAGAGATGCAGGCCCTGAACAACCGETTTCAGATCAAGTCCGG
AGGCGACATCATCAAGCTGCTGAACCGAGCAGGTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCA
TGAGCAGCTGGTGCTACACCCACAGCCTEGACGECGCCGECCTGTTCCTGTTCGACCACGCCGUCGAGGAG
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TACGAGCACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAG
CGCCCCCEAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCA
GCGAGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAG
TGGTACGTGGCCCAGCAGCACCGAGGAGGAGETGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGG
CAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTCGAAGGGCATCGCCAAGAGCAGGAAGAGCGGAT
cC

Translation (SEQ ID NO:53)
MKTIIALSYILCLVFTQKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVINATELVQSSSTGEICDSP
HQILDGENCTLIDALLGDPQCDGFONKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEFNNESFN
WTGVTQNGTSSACIRRSNNSFFSRINWLTHLXFKYPATNVTMPNNEKFDKLYIWGVHHPGTDNDQIFPYAQ
ASGRITVSTKRSQQTVIPNIGSRPRVRNIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSSIM
RSDAPIGKCNSECITPNGSIPNDKPFONVNRITYGACPRYVKONTLKLATGMRNVPEKQTRGIFGAIAGKL
ENGWEGMVDGWYGFRHQONSEGIGQAADLKSTQAAIDQINGKLNRLIGKTNEKFHQIEKEFSEVEGRIQDLE
KYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTKKQLRENAEDMGNGCFKIYHKCDNACIGST
RNGTYDHDVYRDEALNNRFQIKSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEE
YEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHATIKSKDHATFNFLQ
WYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS
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Plasmid DNA sequence (SEQ ID NO:140)

TCGCGCGTTTCGGTGATGACGGTGAARAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTG
TAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCEGETGTTGCGCGEGEGTCTCGGEGELCTGELT
TAACTATGCGGCATCAGAGCAGATTGTACTCGAGCGAGTGCACCATATGCGGTGTGARAATACCGCACAGATGCG
TAAGGAGAARATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGCGAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGGAATTTCCAAACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
\CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGCTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTITTG
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GCAGTACATCAATGGGCCTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCARAATCAACGGGAATTCCCAAAATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGGTAGGCGTCTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CECATCTCTCCTTCACGCGCCCGCCCCCCTACCTGAGCCCGCCATCCACGCCGGTTCGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGETGCCTCCTCAACTGCGTCCGCCGTCTAGCGTAAGTTTARAGCTCAGGTCGAGACCGG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTACTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCGCCACCATGCAAAAGATCGTGCTGCTGCTGGCCATTG
TGAGCCTGGTGAAGAGCGACCAGATCTCCATTGGCTACCACGCCAACAATAGCACACGAGCAGGTGGACACC
ATCATGGAAAAAANCGTGACCGTGACCCACGCTCAGGACATCCTGGAAAAGACCCACAACGGCAAGCTGTG
TGATCTGCACGGCGTGAAGCCTCTGATCCTGAGAGATTGTAGCGTGGCTGGATGGCTGCTGGGCAACCCTA
TCTGCGACGAGTTCATCAACGTGCCCCAGTGGAGCTATATCGTCGAGAAGGCCAACCCCACCAACGATCTG
TGTTACCCCGGCAGCTTCAACGATTACGAGGAACTCAAGCACCTGCTCTCCCGGATCAACCACTTCGAGAA
GATCCAGATCATCCCCAAGTCCTCTTGGAGCGATCACGAAGCCTCTAGCGGAGTGTCTAGCGCCTGTCCTT
ACCTGGGCAGCCCCAGCTTCTTCAGAARACGTGGTGTGGCTGATCAAGAAGAACAGCACCTACCCCACCATC
AAGAAGAGCTACAACAACACCAACCAGGAAGATCTGCTGGTCCTGTGGGGAATCCACCACCCTAATGATGC
CGCCGAGCAGACCAGACTGTACCAGAACCCCACCACCTATATCAGCATCGGCACCAGCACCCTGAATCAGA
GACTGGTGCCCAAGATCGCCACCAGATCCAAGGTGAACGGCCAGAGCGGCAGGATGGAATTCTTCTGGACC
ATCCTGAAGCCCAACGACGCCATCAACTTCGAGAGCAACGGCAACTTTATCGCCCCTGAGTACGCCTACAA
GATCGTGAAGAAGGGCGACAGCGCCATCATCGAAGAGCGAGCTGGAATACGGCAACTGCAACACCAAGTGCC
AGACACCTATGGGCGCCATCAACAGCAGCATGCCCTTCCACAACATCCACCCTCTGACCATCGGCGAGTGC
CCTAAGTACGTGAAGAGCAACAGACTGCTGCTCGGCCACAGGCCTCAGAAATAGCCCCCAGCGGGAGAGCAG
AAGAAAGAAGAGGGCCCTGTTTGGAGCCATCGCCGGCTTTATTGAAGGCGGCTGGCAGGGAATGGTGGATG
GCTGGTACGGCTACCACCACAGCAATGAGCAGGGCTCTGGATATGCCGCCGACAAAGAGTCTACCCAGAAG
GCCATCGACGGCGTCACCAACAAGGTGAACAGCATCATCGACAAGATGAACACCCAGTTCGAGGCTGTGGG
CAGAGAGTTCAACAACCTGGAACGGCGGATCGAGAACCTGAACAACAAAATGCGAAGATGCCTTCCTGGATG
TGTGGACCTACAATGCCGAACTGCTGCTGCTGATCCAARACGAGCGGACCCTCGACTTCCACGACAGCAAC
GTCGAAGAACCTGTACGACAAAGTGCGGCTGCACGCTGAGAGACAACGCCAAAGAGCTGAGCAACGGECTGCTT
CGAGTTCTACCACAAGTGCGACAACGAGTGCATGGARAGCATCAGGAACGGCACCTACAARCTACCCTCAGT
ACAGCGAGGAAGCCAGGCCTGAAGACGGAAGAGATCAGCTCCGGAGGCGACATCATCAAGCTGCTGAACGAG
CAGGTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCT
GGACGGCGCCGGCCTGTTCCTGTTCGACCACGCCCGCCGAGGAGTACGAGCACGCCAAGAAGCTGATCATCT
TCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCCTG
ACCCAGATCTTCCAGAAGCCCTACCGAGCACGAGCAGCACATCAGCCGAGAGCATCAACAACATCGTGGACCA
CGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGSG
AGGTGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCC
GACCAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGG
AAGGGCGAATTGATCCAGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGL
CTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAARATGAGGARATTGCATCGCATTGT
CTGAGTAGGTGTCATTCTATTCTGGGGGGTGGEGTGECGCAGGACAGCAAGGEGGAGGATTGGGAAGACAA
TAGCAGGCATGCTGGGGATGCGETGGGCTCTATGGGTACCCAGCTGCTGAAGAATTGACCCGGTTCCTCCT
GGGCCAGAAAGAAGCAGGCACATCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCA
GCCCCACTCATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAAAGTACTTGGAGC
GGTCTCTCCCTCCCTCATCAGCCCACCAAACCAAACCTAGCCTCCAAGAGTGGGAAGAAATTAAAGCAAGA
TAGGCTATTAAGTGCAGAGGGAGAGAARAATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAAT
TTTAAGGCCATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCG
GTCGTTCGGCTCGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGA
TAACGCAGGARAGAACATGTGAGCAAANGGCCAGCAAAAGGCCAGGAACCGTAARAAGGCCGCGTTGCTGE
CGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACARAAAATCGACGCTCAAGTCAGAGGTGGCGAAAC
CCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCETGCGCTCTCCTGTTCCGACCCT
GCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGEGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTA
GGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCCTTCAGCCCGAC
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CGCTGCGCCTTATCCGGTAACTATCGTCTTCGAGTCCAACCCGGTAAGACACCGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGEGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGRAAGAACAGTATTTGGTATCTCCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGEGTAGCGETGETTTTITTGTTTGCAAGCAGCAGAT
TACGCGCAGAAAAARAGGATCTCARGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
BAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAA
AAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAG
TGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCGGGEEGEEGGEECGCT
GAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAA
GTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGCGACCAGTTGGTCGATTTTGAACTTTTGCTTTGC
CACGGAACGGTCTGCGTTCTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAARAGTTCGATTTATTC
AACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATT
AGARAAACTCATCGAGCATCAAATGAAACTCCAATTTATTCATATCAGGATTATCAATACCATATTTTTGA
AAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGECAAGATCCTGGTATCG
GTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAA
GTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACT
TGTTCAACAGGCCAGCCATTACGCTCGTCATCARAATCACTCGCATCAACCAAACCGTTATTCATTCGTGA
TTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACC
GGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTCGAATCAGGATATTCTTCTAATACCTGGAAT
GCTGTTTTCCCGGEGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGT
CGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTAC
CTTTGCCATGTTTCAGAAACAACTCTGGCECATCEGGCTTCCCATACAATCGATAGATTGTCGCACCTGAT
TGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCT
CGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGT ITATGTAAGCAGACAGTT
TTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTT
TCCCCCCCCCCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTAT
TTAGAAAAATAAACARATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTCGACGTCTAAGAAACCA
TTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQ ID NO:141)

ATGGAAAAGATCGTGCTGECTGCTGECCATTGTGAGCCTCECTGARCGAGCGACCAGATCTGCATTGGCTACCA
CGCCAACAATAGCACAGAGCAGGTGGCACACCATCATGCAAAAAAACGTGACCGETGEALCCCACGCTCAGGALCA
TCCTGGAAAAGACCCACAACGGECAAGCTGTCGTGATCTGGACGGCETGAAGCCTCTGATCCTGAGAGATTGT
AGCGTGGCTGGATGGCTGCTGGGCAACCCTATGTGCGACGAGT TCATCAACGTGCCCGAGTGGAGCTATAT
CGTGCGAGAAGGCCAACCCCACCAACGATCTGTGTTACCCCEGCAGCTTCAACCGATTACGAGGAACTGAAGC
ACCTGCTGTCCCGGATCAACCACTTCGAGAAGATCCAGATCATCCCCAAGTCCTCTTGGAGCGATCALCGAA
GCCTCTAGCEGAGTEGTCTAGCGCCTETCCTTACCTGGECAGCCCCAGCTTCTTCAGAAACGTGGETGTEGCT
GATCAAGAAGAACAGCACCTACCCCACCATCAAGAAGAGCTACAACAACACCAACCAGGAAGATCTGCTGG
TCCTGTGGGGAATCCACCACCCTAATCGATGCCGCCGAGCAGACCAGACTGTACCAGAACCCCACCACCTAT
ATCAGCATCGGCACCAGCACCCTGAATCAGACGACTGGTGCCCAAGATCGCCACCAGATCCAAGGTGAALCGEG
CCAGAGCGGCCAGGATGGAATTCTTCTGGACCATCCTGAAGCCCAACGACGCCATCAACTTCGAGAGCAACG
GCAACTTTATCGCCCCTGAGTACGCCTACAAGATCGTGAAGAAGGGCGACAGCGCCATCATGAAGAGCGAG
CTGGAATACGGCAACTGCAACACCAAGTGCCAGACACCTATGGGCGCCATCAACAGCAGCATGECCCTTCCA
CAACATCCACCCTCTGACCATCGGCGAGTGCCCTAAGTACGTGAAGAGCAACAGACTGGTGCTGGCCACAG
GCCTGAGAAATAGCCCCCAGCGGCGAGAGCAGAAGARAGAAGAGGEGGCCTGTTTGGAGCCATCGCCGGCTTT
ATTGAAGGCGGCTGGCAGGGAATGGTGCATGGCTGGTACGGCTACCACCACAGCAATGAGCAGGGECTCTGG
ATATGCCGCCGACAAAGAGTCTACCCAGAAGGCCATCGACGGCGTCACCAACAAGGTGAACAGCATCATCG
ACAAGATGAACACCCAGTTCGAGGCTCTGGGCAGAGAGTTCAACAACCTGGAACGGCGGATCGAGAALCCTG
AACAAGAAANTGGAAGATGGCTTCCTGGATGTGTGCGACCTACRATGCCGAACTGCCTGETGCTGATGCAARMA
CGAGCGGACCCTGGACTTCCACGACAGCAACGTGAAGAACCTGCTACGACAAAGTGCGGCTGCAGCTGAGAG
ACAACGCCAAAGAGCTGGGCAACGGCTGCTTCGAGTTCTACCACAAGTGCGACAACGAGTGCATGGARAAGT
ATCAGGAACGGCACCTACAACTACCCTCAGTACAGCGAGGAAGCCAGGLTGAAGAGGGAAGAGATCAGCTC
CGGAGGCGACATCATCAAGCTGCTCGAACCGAGCAGGTGAACAAGGAGATGCAGCGAGCAGCAACCTGTACATGA
GCATGAGCAGCTGGTGCTACACCCACAGCCTGGACGGCGCCEGCCTGTTCCTGTTCGACCACGCCGCCGAG
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GAGTACGAGCACGCCAAGARGCTGATCATCTTCCTGRACGAGAACAACGTGCCCGTGCAGCTGACCAGCAT
CAGCGCCCCCGAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACA
TCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTG
CAGTGGETACGTGGCCGAGCAGCACGAGGAGGAGGTGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGAT
CGGCAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCG
GATCC

Translation (SEQID NOQO:56)
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVITVTHAQDILEXTHNGKLCDLDGVKPLITLRDC
SVAGWLLGNPMCDEFINVPEWSYIVEKANPTNDLCYPGSFNDYEELKHLLSRINHFEKIQIIPKSSWSDHE
ASSGVSSACPYLGSPSFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIHHPNDAAEQTRLYQNPTTY
ISIGTSTLNQRLVPRKIATRSKVNGQRSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSAIMKSE
LEYGNCNTKCQTPMGAINSSMPFENIHPLTIGECPKYVKSNRLVLATGLRNSPQRESRRKKRGLFGAIAGF
IEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKATDGVTNKVNSI IDKMNTQFEAVGREFNNLERRIENL,
NKKMEDGFLDVWTYNAELLVLMENER TLDFHDSNVKNLYDKVRLOLRDNAKELGNGCFEFYHKCDNECMES
IRNGTYNYPQYSEEARLKREEISSGGDIIKLLNEQVNKEMOSSNLYMSMSSWCYTHSLDGAGLFLFDHAAE
EYEHAKKLIIFLNENNVPVOLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHATKSKDHATEFNFL
OWYVAEQHEEEVLFKDILDRKIELIGNENHGLYLADQYVKGTAKSRKSGS
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Plasmid DNA sequence (SEQID NO:142)

TCGCGCETTTCGETGATGACGGTGAAAACCTCTCACACATGCAGCTCCCGGAGACGGTCACACGCTTGTCTG
TAAGCGGATGCCCOGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGEGGGCTGGCT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGCTGTGAAATACCGCACAGATGCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGGAATTTCCAAACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACCGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGETTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGGGAATTCCCARAATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGGTAGGCGTGTACGCTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCC
GCCTCCCGCCTETGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGCGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCCGCCGCTCTAGAGATATCGCCACCATGAAGGCCATCATCGTGCTCCTGATGGCTGG
TGACCAGCAACGCCGATAGAATCTGCACCGGCATCACCAGCAGCAATAGCCCCCATGTGGTGAAARACAGCC
ACCCAGGGCGAAGTGAATGTGACAGGCGTGATCCCTCTCGACCACCACCCCCACCAAGAGCTACTTCGCCAA
CCTGAAGGGCACCAGAACCAGAGGCAAGCTGTGCCCCGATTGCCTGAACTGCACCGATCTGGATGTGGCTC
TGGGCAGACCTATGTGTCTGGGCACCACACCATCTGCCAAGGCCAGCATCCTGCACGAAGTGARGCCTGTG
ACCAGCGGCTGCTTCCCCATCATGCACGACCGGACCAAGATCAGACAGCTGCCCAACCTGCTCGAGAGGCTA
CGAGAACATCCGGCTGTCCACCCAGAATGTGATCCGATGCCGAGAARAGCCCCTGGCGGACCTTATAGACTGG
GCACCAGCGGCTCTTGTCCCAATGCCACCTCCAAGAGCGECTTTTTTGCCACAATGGCCTGGGCCETGCCT
AAGGACAACAACAAGAACGCCACCAACCCTCTGACCGTGGAGGTGCCCTACATCTGTACAGAGGGCGAGGA
TCAGATCACAGTGTGGGGCTTCCACAGCGACGACAAGACCCAGATGAAGAACCTGTACGGCCGACAGCAACC
CCCAGAAGTTTACCAGCAGCGCCAATGGCGTGACCACCCACTACGTGTCCCAGATCGGCAGCTTTCCCGAT
CAGACAGAGGATGGCGGACTGCCTCAGTCTGGCAGCGATCGTGETGGACTACATGATGCAGAAGCCTGGCAA
GACCGGCACCATCGTGTATCAGAGAGGCGTGCTGCTGCCTCAGARAGTGTGGTGTGCCAGCGGCAGGTCTA
AAGTGATCAAGGGCAGCCTGCCTCTGATTGGCGAGGCCGACTGTCTGCACGAARAGTACGGCGGCCTGAAC
ARGAGCAAGCCCTACTACACAGGCGAGCACGCCAAGGCCATCGGCAATTGCCCCATCTGGGTGAARACCCC
CCTGAAGCTGGCCAATGGCACCAAGTACAGACCTCCCGCCAAGCTGCTGAAAGAGAGAGGCTTCTTTIGGCG
CCATTGCCGGATTTCTGGAAGGCGEGCTGGGAGGEAATGATTGCCGGCTGGCACGGCTATACATCTCATGGG
GCCCATGGCETGGCTGTEGCCECCGATCTGAAGTCTACCCAGGAAGCCATCAACAAGATCACCAAGAACCT
GAACAGCCTGAGCGAGCTGGAAGTGAAGAATCTGCAGAGACTGAGCGGCGCCATGGATGAGCTGCACAACG
AGATCCTGGAACTGGACGAGAAAGTGGATGATCTCCGCGCCGATACAATTTCCTCCCAGATTGAACTGGCC
GTGCTGCTGTCCAACGAGGGCATCATCAACAGCCGAGGATGAACACCTGCTGGCCCTGGAACGGAAGCTGAA
GAAGATGCTGEGGCCCTTCTGCCGTCCAGAT CGGCAACGGCTGCTTCGAGACAAAGCACAAGTGCAACCAGA
CCTGCCTGGATAGAATCGCCGCTGGCACCTTCAATGCCGGCGAGTTCAGCCTGCCTACCTTCCGACAGCCTG
AATATCACCTCCGGAGGCGACATCATCAAGCTGCTGAACGAGCAGCGTGAACAAGGAGATGCAGAGCAGCAA
CCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCTGGACGGLCGCCEGGCCTGTTCCTGTTCGACC
ACGCCGCCGAGGAGTACGAGCACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAG
CTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCA
CGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCT
TCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGGAGGTGCTGTTCAAGGACATCCTGGACAAG
ATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACCGTGAAGGGCATCGCCAAGAG
CAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGAAGGGCGAATTGATCCAGATCTGCTGETGC
CTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGCGAAGGTGCCACTCCC
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTCGGGGG
TGGGGTGGGECAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGCATGCGGETGGEGCT
CTATGGGTACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGCEGCCAGAAAGAAGCAGGCACATCCCCTT
CTCTGTGACACACCCTGTCCACGCCCCTGGETTCTTAGTTCCAGCCCCACTCATAGGACACTCATAGCTCAG
GAGGGCTCCGCCTTCAATCCCACCCGCTARAGTACTTGGAGCGGTCTCTCCCTCCCTCATCAGCCCACCAA
ACCAAACCTAGCCTCCAAGAGTGGGAAGAAATTAANGCAAGATAGGCTATTAAGTGCAGAGGGAGAGAAAA
TGCCTCCAACATGTGAGGAAGTAATGAGAGARAATCATAGAATTTTAAGGCCATGATTTAAGGCCATCATGG
CCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCEETCGTTCGGCTGCGGCGAGCEGETATCAGC
TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTCGAGCAARAG
GCCAGCAAAAGGCCAGGAACCGTAAAANGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGAC
GAGCATCACAAANATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGEAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGETGTAGCGTCGTTCGC
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TCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCT
TGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGA
GGTATGTAGGCGEGTGCTACAGAGTTCTTGAAGTGETGGCCTAACTACGGCTACACTAGAAGAACAGTATTT
GETATCTGCGCTCTGCTCGAAGCCAGTTACCTTCGGAAARAGAGTTGGTAGCTCTTGATCCGGCAAACAAAC
CACCGCTGGTAGCGETGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGARARAANGGATCTCAAGAAG
ATCCTTTGATCTTTTCTACGGGGTCTGACGCTCACGTGGAACGARAACTCACGTTAAGGGATTTTGGTCATG
AGATTATCAAARAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTAT
ATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTAT
TTCGTTCATCCATAGTTGCCTGACTCGGGGGEGEEGEGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGARAGTCAGCGACCCACGETTCGATGAGAGCTTT
GTTGTAGGTGGACCAGTTGGTGATTTTCGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGAT
GCGTGATCTGATCCTTCAACTCAGCARAAGTTCGATTTATTCAACARAGCCGCCGTCCCGTCAAGTCAGCG
TAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAAC
TGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAA
CTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAA
TACAACCTATTAATTTCCCCTCGTCAARAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAA
TCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTC
ATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCECCTGAGCGAGACGAAATACGCGAT
CGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCARCCGGCGCAGGAACACTGCCAGCGCATCAACA
ATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAG
TAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCCGAAGAGGCATAAATTCCGTCAGCCAGT
TTAGTCTGACCATCTCATCTGTAACATCATTEGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGC
GCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATA
CCCATATAAATCAGCATCCATGTTGCGAATTTAATCGCGCGCCTCGAGCAAGACGTTTCCCGTTGAATATGGC
TCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCT
TGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCCCCCCCCCCCATTATTGAAGCATTTA
TCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATARACARATAGGGETTCCGC
GCACATTTCCCCGARAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAAT
AGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:143)

ATGAAGGCCATCATCGTGCTGCTGATGGTGGTGACCAGCAACGCCGATAGAATCTGCACCGGCATCACCAG
CAGCAATAGCCCCCATGTGGTGAAAACAGCCACCCAGCGCGAAGTGAATGTGACAGGCGTGATCCCTCTGA
CCACCACCCCCACCAAGAGCTACTTCGCCAACCTGAAGGGCACCAGAACCAGAGGCAAGCTGTGCCCCGAT
TGCCTGAACTGCACCGATCTEGGATGTGGCTCTGGGCAGACCTATGTGTGTGGGCACCACACCATCTGCCAA
GGCCAGCATCCTGCACCGAACTGAAGCCTGTGACCAGCGGCTGCTTCCCCATCATGCACGACCGGACCAAGA
TCAGACAGCTGCCCAACCTGCTGAGAGGCTACGAGAACATCCGGCTGTCCACCCAGAATGTGATCGATGCC
GAGAAAGCCCCTGGECGGACCTTATAGACTGGGCACCAGCEECTCTTGTCCCAATGCCACCTCCAAGAGCGG
CTTTTTTGCCACAATGGCCTGGGCCETGCCTAAGGACAACAACAAGAACCGCCACCAACCCTCTGACCATGG
AGGTGCCCTACATCTGTACAGAGGGCGAGGATCAGATCACAGTCTGGGGCTTCCACAGCGACGACAAGACC
CAGATGAAGAACCTGTACGGCGACAGCAACCCCCAGAAGTTTACCAGCAGCGCCAATGGCGTGACCACCCA
CTACGTGTCCCAGATCGGCAGCTTTCCCGATCACGACAGAGGATCGCGGACTECCTCAGTCTGGCAGGATCG
TGGTGGACTACATGATGCAGAAGCCTGGCAAGACCGGCACCATCGTGTATCAGAGAGGCGTGCTGCTGCCT
CAGAAAGTGTGETGTGCCAGCGGCAGGTCTAAAGTGATCAAGGGCAGCCTGCCTCTGATTGGCGAGGCCGA
CTGTCTGCACGAAAAGTACGGCGGCCTGAACAAGAGCARGCCCTACTACACAGGCGAGCACGCCAAGGCCA
TCGGCAATTGCCCCATCTGGGETCGAAAACCCCCCTGAAGCTGGECCAATGGCACCAAGTACAGACCTCCCGCC
AAGCTGCTGAAAGAGAGAGGCTTCTTTGGCGCCATTGCCGGATTTCTGGAAGCCGGCTCCGAGGGAATGAT
TGCCGGCTGGCACGGCTATACATCTCATGGGGCCCATGGCGETGGCTGTGGCCGCCGATCTGAAGTCTACCC
AGGAAGCCATCAACAAGATCACCAAGAACCTGAACAGCCTGAGCGAGCTGGAAGTGAAGAATCTGCAGAGA
CTGAGCGGECGCCATGGATCGAGCTGCACAACGAGATCCTGGAACTGGACGAGRAAAGTGGATGATCTCCGCGC
CGATACAATTTCCTCCCAGATTGAACTGGCCGTGCTGCTGTCCAACGAGGGCATCATCAACAGCGAGGATG
AACACCTGCTGGCCCTGGAACGGAAGCTGAAGAAGATGCTGGGCCCTTCTGCCGTGCAGATCGGCAACGGL
TGCTTCGAGACAAAGCACAAGTGCAACCAGACCTGCCTGGATAGAATCGCCGCTGGCACCTTCAATGCCGG
CGAGTTCAGCCTGCCTACCTTCGACAGCCTGAATATCACCTCCGGAGGCGACATCATCAAGCTGCTGAACG
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AGCAGGTGAACAACGAGATCCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGC
CTGGACGGCECCGEECCTETTCCTGTTCGACCACGCCGCCGAGGAGTACGAGCACGCCAAGAAGCTGATCAT
CTTCCTGAACGAGAACAACGTGCCCETECAGCTCGACCACGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCC
TGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACARCATCGTGGAL
CACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCACGTGCTACGTGGCCCAGCAGCACGAGGA
GCAGGTGCTCTTCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGETACCTGG
CCGACCAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCC

Translation (SEQ ID NO:59)
MKALIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSYFANLKGTRTRGKLCPD

CLNCTDLDVALGRPMCVGTTPSAKASILHEVKPVTSGCFPIMHDRTKIRQLPNLLRGYENIRLSTQNVIDA
EKAPGGPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNATNPLTVEVPYICTEGEDQITVWGFHSDDKT
QMKNLYGDSNPQRFTSSANGVTTHYVSQIGSFPDQTEDGGLPQSGRIVVDYMMOKPGKTGTIVYQRGVLLP
QKVWCASGREKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRPFA
KLLKERGFFGAIAGFLEGGWEGMIAGWHCYTSHGAHGVAVAADLKSTQEAINKITKNLNSLSELEVKNLQR
LSGAMDELHNEILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNG
CFETKHKCNQTCLDRIAAGTFNAGEFSLPTFDSLNITSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHS
LDGACLFLFDHAAEREYEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVD
HATIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS
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Plasmid DNA sequence

(SEQID NO:144)

TCGCGCGTTTCGGETGATGACGGTGAARACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTG
TAAGCGGATGCCCGGAGCAGACAAGCCCGTCAGGGCGCETCAGCOGETCTTGECEGETETCEGGGECTGECT
TAACTATGCGGCATCAGAGCAGATTGTACTCAGACTACACCATATGCGCTETEAAATACCGCACAGATGCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTARTAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGGAATTTCCARACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
CTTCCATTGACGTCAATGGCETGGAGTATTTACGGTAAACTGCCCACTTGGGAATTTCCARGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCARAATCAACGGGAATTCCCAAAATGTCGTAACAACTCCGCCCCATTGA
CGCARATGGGCGGTAGGCGTGTACGGTGGGAGETCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCGCCECCCTACCTGAGGCCGCCATCCACGCCGEGTTGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGG
GCCTTTGTCCAGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGGACGGCAGTGTAGTCTCGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCGECCGCTCTAGAGATATCGCCACCATGAANACCATAATTGCGCTGTCCTACATAC
TGTGTCTGGTCTTTIGCCCAGAAACTGCCEGGGCAATGACAACTCAACAGCCACGCTCTGCTTGGGGCACCAT
GCCGTCCCTAACGGGACCATTGTGAAAACCATTACTAACGATCAGATAGAGGTGACTAATGCCACCGAGCT
GGTGCAAAGTAGCTCCACAGGAGAGATCTGCGATAGTCCCCACCAGATTCTGGACGCGAAAGAATTGTACGC
TGATCGACGCGCTGTTGGGCGACCCTCAGTGTGACGGATTTCAGAATAAGAAGTGGGATCTGTTTGTGGAA
AGGTCAAAGGCTTATTCAAATTGCTACCCTTACGATETGCCTGATTATGCCAGCCTGCGGTCCCTCGTCGC
GTCTAGTGGGACTCTGGAGTTCAACAACGAGTCATTTAACTGGACTGGCETTACACAGAACGGGACTAGTT
CCGCTTGCATAAGGAGAAGCAAARATAGTTTCTTCAGCAGACTGAATTGGCTGACACATCTGAACTTCRAAG
TACCCTGCACTGARATGTAACCATGCCCAACAACGAGCAGTTCGATAAGCTTTACATTTGGCGGAGTTCATCA
TCCTGGCACTGACAAGGATCAGATCTTTCTGTATGCCCACGGCTTCCGGCAGGATTACCGTGTCTACAAAGA
GAAGCCAGCAAACTGTGTCTCCCAATATCGGCAGTAGACCCAGAGTACGGAACATCCCTAGTCGCATCAGT
ATTTACTGGACCATCGTGAAACCAGGCGATATTCTCCTGATTAACAGTACTGGCAACCTGATCGCCCCCCG
GGGATACTTTAAAATCCGCTCTGGAAAGTCCTCCATTATGAGATCAGATGCACCGATCGGAAAATGCAACT
CTGAGTGTATCACACCCAATGGGAGCATTCCCAATGACAAACCTTTCCAGAACCTTAATCGAATAACTTAT
GGGGCCTGTCCACGGTACGTGAAGCAAAATACCTTGAAACTGGCGACCGGTATCGCGCAATGTCCCCGARRAA
ACAGACCCGCGEGATATTTGGGGCTATCGCAGGCTTTATCGAGAATGGCTGGGAAGGCATGGTGGATGGTT
GGTATGGTTTTAGACATCAARACTCCGAAGGCAGAGGCCAGGCTGCCGATCTCAAGAGCACGCAGGCCGCT
ATAGATCAGATCAATGGAAAGCTCAACAGACTGATCGGGAAAACCAACGAAAAATTCCATCAGATCGAGAA
AGAGTTCTCCGAAGTCGAGGGECGCATACAGGACCTGCGAGAAGTATGTTGAGGATACAAAGATTGATCTGT
GGTCCTACAATGCCGAGCTGCTGGTGGCTCTGGAGAATCAGCACACTATTCGACCTGACCGATTCAGAGATG
AACAAACTTTTTGAGAAGACGAAGAAGCAGCTTAGAGAAAATGCAGAGGACATGGGGAACGGATGCTTTAA
AATATATCATAAGTGTGATAATGCCTGCATCGGATCAATTAGARATGGTACCTATGATCACGATGTTTACA
GGGACGAAGCGCTGAATAACAGGTTCCAGATAAAATCCGGAGGCEACATCATCAAGCTGCTGAACGAGCAG
GTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATCGAGCAGCTGGTGCTACACCCACAGCCTGGA
CGGCGCCGEECCTETTCCTETTCGACCACGCCGCCCGAGGAGTACGAGCACGCCAAGAAGUTGATCATCTTCC
TGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGGGCCTGACC
CAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGC
CATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGETACGTGGCCGAGCAGCACCAGGAGGAGG
TGCTGTTCAAGGACATCCTGGACAAGATCGAGCTCATCCGCAACCAGAACCACGGCCTGTACCTGGCCGAC
CAGTACGTGAAGGGCATCGCCAAGAGCAGGAAGAGCGCGATCCTAGCATCATCATCATCATTAGTCTGGAAG
GGCGAATTGATCCAGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTT
CCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAARATGAGGAARTTGCATCGCATTGTCTG
AGTAGGTGTCATTCTATTCTGGGGGETGCGGTGCGCGCCAGGACAGCAAGGCGGAGCATTGGGAAGACAATAG
CAGGCATGCTGGGGATGCGETGEGCTCTATGGGTACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGGG
CCAGAAAGAAGCAGGCACATCCCCTICTCTGTGACACACCCTGTCCACGCCCCTGETTCTTAGTTCCAGCC
CCACTCATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAAAGTACTTGGAGCGGT
CTCTCCCTCCCTCATCAGCCCACCAARACCAAACCTAGCCTCCAAGAGTGGGAAGAAATTARAGCAAGATAG
GCTATTAAGTGCAGAGGGAGAGAARATGCCTCCAACATCTGAGGAAGTAATGAGAGAAATCATAGAATTTT
AAGGCCATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTC
GTTCGGCTGCGGCGAGCGGTATCAGCTCACTCARAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA
CGCAGGAAAGAACATCTGAGCAAAAGGCCAGCARAAGGCCAGGAACCGTAAAAAGGCCGCGETTGCTGGCGT
TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAARATCGACGCTCAAGTCAGAGGTGCCGAAACCCG
ACAGGACTATAAAGATACCAGGCGTTTCCCCCTEGAAGCTCCCTCGTGCECTCTCCTGTTCCGACCCTGCC
GCTTACCGGATACCTGTCCGCCTITTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGT
ATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCETTCAGCCCGACCGC
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TGCGCCTTATCCCGTAACTATCGTCT TGAGTCCAACCCGGTARGACACGACTTATCGCCACTGGCAGCAGC
CACTGCTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTARCT
ACGCGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTT
GETAGCTCTTGATCCGECAAACAAACCACCGCTGGTAGCCGTGETTTTTTTGTTTGCARGCAGCAGATTAC
GCGCAGAAARAAAGGATCTCAAGAACATCCTITCGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGARA
ACTCACGTTAAGGGATTTTGCTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTARATTAARAA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGA
GCGCACCTATCTCAGCGATCTETCTATTTCGTTCATCCATAGTTGCCTGACTCGGGGGGGGGEGECGCTGAG
GTCTECCTCETGAAGARGETGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGARAGTG
AGCGAGCCACGETTGATGAGAGCTTTGT TGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCALC
GGAACGETCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCCGATTTATTCAAC
AAAGCCGCCGETCCCETCARGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGA
AADACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGARAA
AGCCGTTTCTGTAATCGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTC
TGCGATTCCGACTCETCCAACATCAATACRACCTATTAATTTCCCCTCGTCARAARATARGGTTATCAAGTG
AGAAATCACCATGAGTCACGACTGAATCCGGTGAGAATGGCARAAGCTTATEGCATTTCTTTCCAGACTTGT
TCAACAGGCCAGCCATTACGCTCGTCATCAARATCACTCGCATCAACCAAACCCTTATTCATTCGTGATTG
CGCCTGAGCGAGACGAAATACGCGATCGCTGTTARAAGCGACAATTACAAACAGCAATCGAATGCANCCGGC
GCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGCATATTCTTCTAATACCTGGAATGCT
GTTTTCCCEEGGATCGCAGTCGTCAGTAACCATGCATCATCAGCGAGTACGGATAAAATGCTTGATGGTCGG
ADGAGGCATAAATTCCGTCAGCCAGTTTAGTCTCGACCATCTCATCTEGTAACATCATTGGCAACGCTACCTT
TGCCATGTTTCAGAAACAACTCTGECGCATCGGEGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGC
CCGACATTATCGECCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGA
GCAAGACGTTTCCCCTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTA
TTETTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTCGCTTTCC
CCCCCCCCCCATTATTGARGCATTTATCAGGGTTATTGTCTCATCACCGGATACATATTTGAATGTATTTA
GAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGARAAGTGCCACCTGACGTCTAAGAAACCATTA
TTATCATGACATTAACCTATAAARATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:145)

ATGAMAACCATAATTGCGCTGTCCTACATACTGTGTCTGGTGTTTGCCCAGARACTCCCGGGCAATGACAA
CTCAACAGCCACGCTCTGCTTEGGGECACCATGECCETCCCTAACGEGACCATTCTCARARACCATTACTAACG
ATCAGATAGAGGTGACTAATGCCACCCAGCTCGTGCAAAGTAGCTCCACAGCGAGAGATCTGCGATAGTCCC
CACCAGATTCTGGACGGARAGAATTGTACGCTCGATCGACGCGCTGTTGEECGACCCTCAGTCTGACGGATT
TCAGAATAACAACTGCGATCTGTTIGTGCAANGETCAAAGGCTTATTCAAATTGCTACCCTTACGATGTGC
CTGATTATGCCAGCCTGECGERTCCCTCAETCCCATCTAGTCCGACTCTGEGAGTTCAACAACGAGTCATTTAAC
TEGACTCGCCGTTACACAGAACGEGACTAGTTCCGCTTCGCATAAGCGAGAAGCAAAAATAGTTTCTTCAGCAG
ACTGAATTEGCTGACACATCTGAACTTCAAGTACCCTGCACTGAATGTAACCATGCCCAACAACGAGCAGT
TCGATAAGCTTTACATTTGGGGAGTTCATCATCCTGGCACTGACAAGGATCAGATCTTTCTCTATGCCCAG
GCTTCCGGCAGGATTACCGTETCTACAAAGAGAAGCCAGCAAACTGTGTCTCCCAATATCGGCAGTAGALTC
CAGAGTACGGAACATCCCTAGTCGCATCAGTATTTACTGCACCATCGCTGAAACCAGGCGATATTCTCCTGA
TTAACAGTACTGEGECAACCTGATCGCCCCCCEGECATACTTTAAAATCCGCTCTCGGAAAGTCCTCCATTATG
AGATCAGATGCACCCGATCGGAAAATGCAACTCTCGAGTGTATCACACCCAATGGEGAGCATTCCCARATGACAA
ACCTTTCCAGAACCTTAATCGAATAACTTATGGGGCCTGTCCACGGTACGTGAAGCAAAATACCTTGAAAC
TCGCGACCEGCTATGCECAATETCCCCGANAAACAGACCCGCGEGEEGATATTTGGGGCTATCGCAGGCTTTATC
GAGAATGGCTCEGAAGCGATGETGGATGCTTGCTATEGETTTTAGACATCAARACTCCGAAGGCAGAGGCCA
GGECTGCCGATCTCARGAGCACGCAGGCCGCTATAGATCAGATCAATGGAAAGCTCAACAGACTGATCGGGA
AAACCAACGAAAAATTCCATCAGATCGAGAAAGAGTTCTCCGAAGTCGAGGGGCEGCATACAGGACCTGGAG
AAGTATCTTCAGGATACAAAGATTCGATCTGTGETCCTACAATGCCGAGCTGCTGGTGGCTCTGGAGAATCA
GCACACTATTGACCTCACCCATTCAGAGATGAACAAACTTTTTGAGAAGACGAAGAAGCAGCTTAGAGAAL
ATCCAGAGGACATGGCCAACCGATCCTTTAAAATATATCATARGTEGTGATAATGCCTGCATCGGATCAATT
AGARATCETACCTATCGATCACGATGTTTACAGGGACGAAGCGCTGAATAACAGGTTCCAGATAALAATCCGE
AGGCGACATCATCAAGCTECTGAACCGAGCAGCTGAACAAGCAGATGCCAGAGCAGCAACCTGTACATGAGCA
TGAGCAGCTGGTGCTACACCCACAGCCTGGACGECECCEGCCTGTTCITGTTCGACCACGCCGCCGAGGAG
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TACGAGCACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACCTGCCCETCGCAGCTGACCAGCATCAG
CGCCCCCGAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGCGCCTACGAGCACGAGCAGCACATCA
GCCAGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAG
TGGTACGTGGCCEAGCAGCACCAGGAGGAGGTGCTGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGG
CAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTCGAAGGGCATCGCCAAGAGCAGGARGAGCGGAT
ccC

Translation (SEQID NO:62)
MKTIIALSYILCLVFAQKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVINATELVQSSSTGEICDSP
HQOILDGRNCTLIDALLGDPQCDGFONKKWDLFVERSKAYSNCYPYDVPDYASLRSLVASSGTLEFNNESFN
WTGVTQNGTSSACIRRSKNSFFSRLNWLTHLNFKYPALNYVTMPNNEQFDKLY IWGVHHPGTDKDQIFLYAQ
ASGRITVSTKRSQQTVSPNIGSRPRVRNIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSSIM
RSDAPIGKCNSECITPNGSIPNDKPFONVNRITYGACPRYVKONTLKLATGMRNVPEKQTRGIFGAIAGEFI
ENGWEGMVDGWYGFRHONSEGRGQAADLKSTQAATIDQINGKLNRLIGKTNEKFHQIEKEFSEVEGRIQDLE
KYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRKQLRENAEDMGNGCFKIYHKCDNACIGST
RNGTYDHDVYRDEALNNRFQIKSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEE
YEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISES INNIVDHAIKSKDHATFNFLO
WYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS
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Plasmid DNA sequence (SEQID NO:146)

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTG
TAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCEGTCAGCEGGETGTTGGCGEGEETETCGGGGCTGGCT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCG
TAAGGAGARAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGCAGTTCCGCGTTACATAACTTACGGGAATTTCCAAACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
CTTCCATTGACGTCAATGGGTGCGAGTATTTACGETAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCEETTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGGGAATTCCCARAATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGGTAGGCGTCTACGETGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTCGACCTCCATAGRAGACACCGEGACCGATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCGCCECCCTACCTGAGGCCGCCATCCACGCCGETTCGAGTCGCGTTCTGCC
GCCTCCCECCTETGGTGCCTCCTCGAACTGCGTCCGCCETCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGE
GCCTTTGTCCGGCEGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCETTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGCTCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCGCCACCATGAAAGTGAAGCTGCTGETGCTGCTGTGTA
CCTTTACCGCCACCTACGCCGATACCATCTGTATCGGCTACCACGCCAACAATAGCACCGACACCGTGGAT
ACCGTGCTGGAAAAGAACGETCGACCGTGACCCACAGCGETGAARCCTGCTGCAARACAGCCACAACGGCAAGCT
GTGTCTGCTGAAAGGCATTGECCCCTCTGCAGCTGCGARATTGTAGCGTGGCCGGCTGGATTCTGGGCAATC
CTGAGTGCGAGCTGCTCGATT TCCAAAGAGTCCTGGTCCTACATCGTGGAGAAGCCCAACCCTGAGAATGGT
ACCTGCTACCCTGGCCACTTCGCCGATTACGAGGAACTGAGAGAACAGCTGTCCAGCGTGTCCAGCTTCGA
GAGATTCGAGATCTTCCCCARAAGAGAGCAGCTGECCCAATCATACAGTGACCGGCGTGAGCGCCTCTTGTA
GCCACAATGGCGAGAGCAGCTTCTACAGARACCTGCTGTGGCTGACCGGCAAGAACGGCCTGTACCCCAAL
CTGAGCAAGAGCTACGCCARCAACAAAGAAAARAGAAGTGCTGGTCCTCTGEGGAGTGCACCACCCTCCTAA
CATCGGCATCCAGAAGGCCCTGTACCACACCGAGAATGCCTACGTGTCCGTGGTGTCCAGCCACTACAGCA
GAAAGTTCACCCCCGAGATCGCCAAAAGACCCAAAGTGCGGGACCAGGAAGGCAGGATCAACTACTACTGE
ACCCTGCTGEGAACCTGGCGACACCATCATCTTCGAGGCCAACGGCAATCTGATCGCCCCTAGATACGCCTT
TGCCCTGAGCAGAGGCTTTGGCAGCGGCATCATCAACAGCAACGCCCCCATGGACAAGTGTGACGCCAAGT
GTCAGACACCACAGGGAGCTATCAATAGCAGCCTGCCCTTCCAGAATGTGCACCCTGTGACCATCGGCGAG
TGTCCTAAATACGTGCGGAGCGCCAAGCTGAGAATGGTCGACCGGCCTGAGGAATATCCCCAGCATCCAGAG
CAGAGGCCTGTTTGGCGCCATTGCCGGCTTTATCGAGGGCGGATGGACAGGCATGGTGGATGGGTGGTACG
GCTACCACCACCAGAATGAGCAGGGATCTGGCTATGCCGCCGATCAGAAGAGCACCCAGAACGCCATCAAC
GGECATCACCAACAAAGTGAACAGCGTGATCGAGAAGATGAACACCCAGTTCACCGCCETCGGCARAGAGTT
CAACAAGCTGGAACGGCGGATGGAAAACCTGAACAAGAAGCTGGACGACGGCTTCATCGACATCTGGACCT
ACAACGCCGAACTCCTGGTCCTCCTGCAAARTGAGAGGACCCTGGACTTCCACGACAGCAACGTGAAGAAC
CTGTACCGAGAANGTGAAGAGCCAGCTCGAAGAACAACGCCAAAGAGATCGGCAACGECTGCTTCGAGTTCTA
CCACAAGTGCAACGACGAGTGCATGEARAGCGTGAAGAACGGCACCTACGACTACCCCAAGTACAGCGAGG
ARAGCAAGCTGAACCGGGAGAAGATCGATTCCGGAGGCGACATCATCAAGCTGCTGAACGAGCAGGTGAAC
ARGGAGATGCAGAGCAGCAACCTCTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCTGGACGGLGT
CGGCCTGTTCCTGTTCGACCACGCCGCCCAGGAGTACGAGCACGCCAAGAAGCTGATCATCTTCCTGAACG
AGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCEAGGGCCTGACCCAGATC
TTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCAA
GAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGGAGGTGCTGT
TCAAGGACATCCTGCGACAAGATCGAGCTGATCGCCAACCGAGAACCACGECCTGTACCTGGCCGACCAGTAL
GTGRAGGGCATCGCCARGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGAAGGGCGAA
TTGATCCAGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTATTGTTTGCCCCTCCCCCATGCCTTCCTTGA
CCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGG
TGTCATTCTATTCTCGGGGGTCGGCTGGEGGCAGCGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCA
TGCTGGGGATGCGCTGCGCTCTATGCGGTACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGGGCCAGAA
AGAAGCAGGCACATCCCCTTCTCTGTGACACACCCTETCCACGCCCCTEGGTTCTTAGTTCCAGCCCCACTC
ATAGGACACTCATAGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTARAGTACTTGGAGCGGTCTCTCC
CTCCCTCATCAGCCCACCAAACCARACCTAGCCTCCAAGAGTGGCGAAGAAATTAAAGCAAGATAGGCTATT
AAGTGCAGAGGGAGAGAARAATGCCTCCAACATGTCGAGGAAGTAATGAGAGAAATCATAGAATTTTAAGGCC
ATGATTTAAGGCCATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCAGTCGTTCGG
CTGCGGECGAGCGGTATCAGCTCACTCARAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGG
AAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCC
ATAGGCTCCECCCCCCTGACGAGCATCACAAAAATCCACGCTCAAGTCAGAGGTGGCCGARACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTAC
CGGATACCTGTCCGCCTTTCTCCCTTCEGEAAGCETGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTETGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCC
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TTATCCGGTAACTATCETCTTGAGTCCAACCCGEGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGG
TAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAACGAGTTGGTAGC
TCTTGATCCGGCAAACARACCACCGCTGETAGCGETEGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAG
AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTCGGAACGAARACTCAC
GTTAAGGGATTTTCGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT
TTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCGGGGGGGGEGGECGCTGAGGTCTGL
CTCGTGAAGAAGGTGTTCCTGACTCATACCAGGCCTGAATCECCCCATCATCCAGCCAGAAAGTGAGGGAG
CCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACG
GTCTGCGTTGTCGGGAAGATGCGTGATCTCATCCTTCAACTCAGCAAAAGTTCGATTTATTCAACARAGCC
GCCGTCCCGTCAAGTCAGCATAATECTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAARACT
CATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGT
TTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGCCAAGATCCTGGTATCGGTCTGCGAT
TCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAARATAAGGTTATCAAGTGAGAAAT
CACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACA
GGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCARACCGTTATTCATTCGTGATTGCGCCTG
AGCGAGACGAAATACGCGATCGCTGTTARAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGA
ACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTC
CCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGS
CATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCAT
GTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACA
TTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGA
CEGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTC
ATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCCCCCCC
CCCCATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGCATACATATTTGAATGTATTTAGAARAA
TAAACAAATAGGGGTTCCGCGCACATTTCCCCGAARAGTGCCACCTGACGTCTAAGAAACCATTATTATCA
TGACATTAACCTATAAARATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence  (SEQ ID NO:147)

ATGAAAGTGAAGCTCCTGGTGCTGCTGTGTACCTTTACCGCCACCTACGCCGATACCATCTGTATCGGCTA
CCACGCCAACAATAGCACCGACACCGTGGATACCGTGCTGGAAAAGAACGTGACCGTGACCCACAGCETGA
ACCTGCTGGAAAACAGCCACAACGGCAAGCTGTGTCTGCTGAAAGGCATTGCCCCTCTGCAGCTGGGAAAT
TGTAGCGTGGCCGGCTCGCATTCTGGGECAATCCTGAGCTGCCGAGCTGCTCGATTTCCAAAGAGTCCTGGTCCTA
CATCGTGGAGAAGCCCAACCCTCAGAATGCCACCTGCTACCCTGGCCACTTCGCCGATTACGAGGAACTGA
GAGRACAGCTGTCCAGCGETGTCCAGCTTCGAGAGATTCGAGATCTTCCCCARAGAGAGCAGCTGGCCCAAT
CATACAGTGACCGGCGTCGAGCGCCTCTTCTAGCCACARATGGCCAGAGCAGCTTCTACAGAAACCTGCTGTG
GCTGACCGGCAAGARACGGCCTGTACCCCAACCTGAGCAAGAGCTACGCCAACRAACAAAGARAADLGARAGTGC
TGGTCCTCTGGGGAGTGCACCACCCTCCTAACATCGGCATCCAGAAGGCCCTGTACCACACCGAGAATGCC
TACCGTGTCCGTGETGTCCAGCCACTACAGCAGAAAGTTCACCCCCGAGAT CGCCAAARGACCCAAAGTGCG
GGACCAGGAAGGCAGGATCAACTACTACTGGACCCTGCTGGAACCTGGECGACACCATCATCTTCGAGGCCA
ACGGCAATCTGATCGCCCCTAGATACGCCTTTGCCCTCGACCAGAGGCTTTGGCAGCGGCATCATCAACAGC
AACGCCCCCATGGACAAGTGCTGACGCCAACGTGTCAGACACCACAGGEGAGCTATCAATAGCAGCCTGCCCTT
CCAGAATGTGCACCCTGTGACCATCGEGGCGAGTGTCCTARATACGTGCGGAGCGCCARGCTGAGAATGGTGA
CCGGCCTGAGGAATATCCCCAGCATCCAGAGCAGAGGCCTGTTTGGCGCCATTGCCGECTTTATCCGAGGGLC
GGATCGACAGGCATGGTGGATGGETGETACGGCTACCACCACCAGAATCGAGCAGGGATCTGECTATGCCGLE
CGATCAGARAGAGCACCCAGAACGCCATCAACGGCATCACCAACAAAGTCGAACAGCGTCGATCGAGAAGATGA
ACACCCAGTTCACCGCCGTGGECAAAGAGTTCAACANGCTGGAACCGGCCEATGCGAAAACCTGAACAAGAAG
GTGGACGACGGCTTCATCGACATCTGGACCTACAACGCCGAACTCCTGETCCTCCTGGARAATGAGAGGAC
CCTGGACTTCCACGACAGCAACGTGAAGAACCTGTACGAGAAAGTGAAGAGCCAGCTGAAGAACAACGCCA
AAGAGATCGGCAACGGECTCCTTCCAGTTCTACCACAAGTGEGCAACGACGCGAGTGEGCATGCGAAAGCGTGAAGAALC
GGCACCTACGACTACCCCAAGTACAGCGAGGAAAGCAAGCTGAACCGGGAGAAGATCGATTCCGGAGGCGA
CATCATCAAGCTGCTGAACGAGCAGGTGAACARGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCA
GCTGGTGCTACACCCACAGCCTGGACGGCGCCGGCCTGTTCCTGTTCGACCACGCCGCCGAGGAGTACGAG
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CACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCC
CGAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAARGGCCTACGAGCACGAGCAGCACATCAGCGAGA
GCATCRAACAACATCGTGGACCACGCCATCAAGAGCAACGACCACGCCACCTTCAACTTCCTGCAGTGGTAC
GTGGCCGAGCAGCACGAGGAGGAGGTGCTGTTCAARGCGACATCCTGGACAAGATCGAGCTGATCGGCAACGA
GAACCACGGECCTGTACCTGGCCGACCAGTACCTGAAGGGCATCGCCAAGAGCAGGAAGAGCGGATCC

Translation (SEQID NQO:65)
MKVKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLERNVTVITHSVNLLENSHNGKLCLLKGTAPLQLGN
CSVAGWILGNPECELLISKESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWEPN
HTVTGEVSASCSHNGESSFYRNLLWLTGKNGLYPNLSKSYANNKEREVLVLWGVHHPPNIGIQKALYHTENA
YVSVVSSHYSREFTPETAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS
NAPMDKCDAKCQTPQGAINSSLPFQONVHPVIIGECPKYVRSAKLRMVTGLRNIPSTIQSRGLFGATAGFIEG
GWTGMVDGWYGYHHONEQGSGYARADQKSTONAINGITNKVNSVIEKMNTQFTAVGKEFNKLERRMENLNKK
VDDEFIDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKELGNGCFEFYHKCNDECMES VKN
CTYDYPKYSEESKLNREKIDSGGDIIXLLNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYE
HAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHTISESINNIVDHATIKSKDHATFNFLOWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS
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Plasmid DNA sequence (SEQ ID NO:148)

TCGCGCGTTTCGGTGATGACGGTGAARACCTCTGACACATGCAGCTCCCGGAGACGETCACAGCTTGTCTG
TAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGECECGTCAGCEGETGTTGGCGEETCTCGGGGCTGGCT
TAACTATGCCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCCGGTGTGAAATACCGCACAGATGCG
TAAGGAGAAAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCCTTACATAACTTACGGGAATTTCCAAACCTGEC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAR
CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGGAATTTCCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGETTTTG
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GCAGTACATCAATGGCCGTGGATAGCGGTTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTIGTTTTGACTCACCAAAATCAACGGGAATTCCCAARATGTCGTAACAACTCCGCCCCATTGA
CGCAAATGGGCGGTAGGCGTGTACGGTGGCAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTEGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGEGGEGACCGATCCAGCCTCCATCGGLT
CGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGECCATCCACGCCGGTTGAGTCGCGTTCTGCC
GCCTCCCECCTGTEETGCCTCCTGAACTGCGTCCGCCCTCTAGCTAAGTTTARAGCTCACGGTCGAGACCGG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCEGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGGTCTTTTCTGCAGTCACCGTCGTCGACACG
TGTGATCAGATATCGCGGCCGCTCTACGAGATATCGCCACCATGAAGGCCATCATCGTGCTGCTGATGGTGG
TCACAAGCAACGCCGATAGAATCTGTACCGGCATCACCAGCAGCAATAGCCCTCACGTCGTGARAACAGCT
ACACAGGGCGAAGTGAATGTGACCGGCGTGATCCCTCTGACCACAACACCTACAAAGAGCCACTTCGCCAA
TCTGAAGGGCACAGAGACAAGAGGCAAGCTGTGTCCCAAGTGCCTGAATTGCACAGATCTGGATGTCGGCTC
TGGGCAGACCTAAGTGTACAGGCAAAATCCCTAGCGCCAGAGTGTCCATTCTGCATGAAGTGCGACCTGTG
ACCAGCGGCTGTTTTCCTATTATGCACGACCGGACCAAGATCAGACAGCTGCCTAATCTGCTGAGAGGCTA
CGAGCACATCAGACTGAGCACCCACAATGTGATCAACGCCCARAATGCTCCTGGCGGCCCTTATAAGATCG
GCACATCTGGCAGCTGCCCCAACATTACAAATGGCAATGGCTTCTTTGCCACCATGGCTTGGGCCGTGCCT
AAGAACGATAAGAACAAGACCGCCACCAACCCCCTGACAATCGAGGTGCCATATATCTGTACAGAGGGCGA
GGATCAGATCACCGTGTGGGGATTTCACAGCGACAACGAAACACAGATGGCCAAGCTGTACGGCGATAGCA
AGCCTCAGAAGTTTACCAGCTCTGCCAATGGCGTGACCACACACTATGTGTCTCAGATCGGCGGCTTCCCT
AATCAGACAGAAGATGGCGGACTGCCTCAGTCTGCGAAGAATCGTGGTGGATTACATGCTGCAGAAGTCTGG
CAAGACCGGCACCATCACATATCAGAGAGGAATCCTGCTGCCCCAGAAAGTGTGGTGCGCTTCTGGARGAT
CCAAAGTGATCAAGGGCAGCCTGCCTCTGATTGGAGAAGCCGATTGTCTGCACGAGARATACGGCGGCCTG
AACAAGAGCAAGCCTTACTATACAGGCGAGCACGCCAAGGCCATCGGCAATTGTCCTATTTGGGTCAAGAC
CCCTCTGAAGCTGGCCAATGGCACAAAGTATAGACCTCCAGCCAAGCTCCTGAAAGAGAGAGGCTTTTTTG
GAGCTATCGCCGGCTTTCTGGAAGGCGGATGGGAGGGAATGATTGCTGCGATGGCATGGCTACACATCTCAT
GGCGCACATGECATGGCAGTCGGCTGCTCGATCTGAAATCTACACAGGAAGCCATCAACAAGATCACCAAGAA
CCTGAACAGCCTGAGCGAGCTGGAAGTCGAAGAATCTGCAGAGACTGTCTGECGCCATGGACGAACTGCACA
ATGAGATCCTGGAACTGGACGAGAAGGTGCACGATCTCGAGAGCCGATACAATCAGCAGCCAGATTGAACTG
GCTGTGCTGCTGTCTAACGAGGGCATCATCAATAGCGAGGACGAACATCTGCTGGCCCTGGAAAGARAGCT
GAAGAAGATGCTGGGACCTAGCGCCGTGGAAATCGGCAATGGATGCTTTGAGACAAAGCACAAGTGCAACC
AGACCTGCCTGGATAGAATTGCCGCCGGAACATTTGATGCCGGCGAGTTTTCTCTGCCCACCTTCGATAGC
CTGAATATCACATCCGGAGGCGACATCATCAAGCTGCTGAACGAGCAGGTGAACAAGCGAGATGCAGAGCAG
CAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCTGCGACGGCGCCGGCCTEGTTCCTGTTCG
ACCACGCCGCCGAGGAGTACGAGCACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCCCGTG
CAGCTGACCAGCATCAGCGCCCCCCAGCACAAGTTCGACGGCGCCTCGACCCACATCTTCCAGAAGGCCTACGA
GCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCACGCCA
CCTTCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGGAGGTGCTGTTCAAGGACATCCTGGAC
AAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTGAAGGGCATCGCCAA
GAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGGAAGGGCGAATTGATCCAGATCTGCTG
TGCCTTCTAGTTGCCAGCCATCTCTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTCCCACT
CCCACTGTCCTTTCCTAATAAAATGAGCAAATTCGCATCCCATTGTCTGAGTAGGTGTCATTCTATTCTGGG
GGCTCGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGCCATGCTCGGCATGCGGTGG
GCTCTATGGGTACCCAGGTGCTGAAGAATTGACCCGGTTCCTCCTGEGGCCAGARAGAAGCAGGCACATCCC
CTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCAGCCCCACTCATAGGACACTCATAGCT
CAGGAGGGCTCCGCCTTCAATCCCACCCGCTARAGTACTTGGAGCGETCTCTCCCTCCCTCATCAGCCCAC
CAAACCAAACCTAGCCTCCAAGAGTGGGAAGAAATTARAGCAAGATAGGCTATTAAGTGCAGAGGGAGAGA
AAATGCCTCCAACATGTGAGGAAGTAATCGAGAGAAATCATAGAATTTTAAGGCCATGATTTAAGGCCATCA
TGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTEGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATC
AGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGCGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAARAAGGCCGCETTGCTGGCOSTTTTTCCATAGGCTCCCCCCCCCT
GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGEC
GTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCT
TTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGEGTATCTCAGTTCGETGTAGEGTCGTT
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CGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCATTCAGCCCGACCECTGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGETGCTACAGAGTTCTTGARGTGCTGGCCTAACTACGGCTACACTAGAAGAACAGTA
TTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGCTAGCTCTTGATCCGGCAAACA
AACCACCGCTGETAGCGETGGTITTTTTIGTTTGCAAGCAGCAGATTACGCGCAGAAAAARAGGATCTCAAG
AAGATCCTTTGATCTTTTCTACGGGETCTGACGCTCAGTGGAACCGAAAACTCACGTTAAGGGATTTTGGTC
ATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAARATGAAGT TTTARAATCAATCTAARG
TATATATGAGTAARACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTIGTC
TATTTCGTTCATCCATAGTTGCCTGACTCGGEGGGGEGEEECECTGAGETCTGCCTCGTGAAGAAGGTGTT
GCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGARAAGTGAGGGAGCCACCGETTGATGAGAGC
TTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGARCGGTCTEGCGTTGTCGGGAA
GATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCCGATTTATTCAACAAAGCCGCCGTCCCGTCAAGTCA
GCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGA
AACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAARAGCCCTTTCTGTAATGAAGGAGA
AAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCARCAT
CAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGETTATCAAGTGAGAAATCACCATGAGTGACGACT
GAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTC
GTCATCAAAATCACTCGCATCAACCARACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGC
GATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCECAGGAACACTCCCAGCGCATCA
ACAATATTTTCACCTGAATCAGCATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGT
GAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCCCGAAGAGGCATAAATTCCGTCAGCC
AGTTTAGTCTCACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGARACAACTCT
GGCGCATCEGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCCACATTATCGCGAGCCCATTT
ATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCCGAGCAAGACGTTTCCCGTTGAATAT
GGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTA
TCTTCTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCCCCCCCCCCCATTATTGAAGCAT
TTATCAGGGTTATTGTCTCATGAGCGCGATACATATTTCAATGTATTTAGAAAAATAAACAAATAGGGGTTC
CECGCACATTTCCCCGARAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAA
BAATAGGCGTATCACGAGGCCCTTTCGETC

Coding seguence  (SEQ ID NO:149)

ATGAAGGCCATCATCGTGCTGCTEGATCGETGGTCACAAGCAACGCCGATAGAATCTGTACCGGCATCACCAG
CAGCAATAGCCCTCACGTCCTCAARACAGCTACACAGGECCGAAGTGAATGTGACCGGCGTGATCCCTCTGA
CCACAACACCTACAAAGAGCCACTTCGCCAATCTGARGEGCACAGAGACAAGAGGCAAGCTCTGTCCCAAG
TCGCCTGAATTCCACAGATCTGCATETECECTCTGGEGGCAGACCTAAGTGTACAGGCARRATCCCTAGCGCCAG
AGTGTCCATTCTGCATGAAGTGCGACCTAETGACCAGCGGCTGTTTTCCTATTATGCACCACCGGACCAAGA
TCAGACAGCTGCCTAATCTGCTGAGAGGCTACCAGCACATCAGACTGAGCACCCACAATGTGATCARCGCC
GAAAATGCTCCTGGCGGCCCTTATAAGATCGGCACATCTGGCAGCTGCCCCAACATTACAAATGGCAATGG
CTTCTTTGCCACCATGCCTTEEGCCETGCCTAAGAACGATAAGARCAAGACCGCCACCAACCCCCTGACAA
TCGAGGTGCCATATATCTGTACAGAGGGCCAGGATCAGATCACCCGTCTGCGCGATTTCACAGCCGACAACGAA
ACACAGATGGCCAAGCTGTACGGCCATAGCAAGCCTCAGAAGTTTACCAGCTCTGCCAATGGCGTGACCAC
ACACTATGTGETCTCAGATCEGCCECTTCCCTAATCAGACAGAAGATGGCGCACTGCCTCAGTCTGGAAGAA
TCETARTCCGATTACATEETGCAGAAGTCTEGGCAAGACCGGCACCATCACATATCAGAGAGGAATCCTGCTG
CCCCAGAAAGTGTGGETGCGCTTCTGGAAGATCCAAAGTGATCAAGGECAGCCTGCCTCTGATTGGAGAAGC
CGATTGTCTGCACGAGAAATACGGCGGCCTGAACAAGAGCAAGCCTTACTATACAGGCGAGCACGCCAAGG
CCATCGGCAATTETCCTATTTGEETCAAGACCCCTCTGAAGCTGGCCAATGECACAAAGTATAGACCTCCA
GCCAAGCTGCTCGAAAGAGAGAGGCTTTTTTGGAGCTATCGCCGGCTTTCTGGAAGGCGGATGGGAGGGAAT
GATTGCTCCATECCATGECTACACATCTCATGGCGCACATGGCCTGECAGTGGCTGCTGATCTGAAATCTA
CACAGGAAGCCATCAACAAGATCACCAAGAACCTGAACAGCCTCGAGCGAGCTGCAAGTGAAGAATCTGCAG
AGACTGCTCTGGCECCATGGACGAACTGCACAATGAGATCCTGGAACTGCGACGAGAAGGTGGACGATCTGAG
AGCCGATACAATCAGCAGCCAGATTGAACTGGCTCGTEGCTGCTGTCTAACGAGGGCATCATCAATAGCGAGG
ACGAACATCTGCTCGECCCTGGAAAGAAAGCTCGAAGAAGATGCTGGGACCTAGCGCCETGGAAATCGGCAAT
GGATCCTTTCACGACAAAGCACAAGTGCAACCAGACCTGCCTEGATAGAATTGCCGCCGGAACATTTGATGC
CGGCCAGTTTTCTCTGCCCACCTTCGATAGCCTGAATATCACATCCGGAGGCGACATCATCAAGCTGCTGA
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ACGAGCAGGTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCAL
AGCCTGGACGGCGCCAEGCCTGTTCCTGTTCGACCACGCCGCCCGAGGAGTACGAGCACGCCAAGARAGCTGAT
CATCTTCCTGAACGAGAACAACGTGCCCCTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAAGTTCGAGG
GCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCCGAGAGCATCAACAACATCGTG
GACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTEGCAGTGGTACGTGGCCGAGCAGCACGA
GGAGGAGGTGCTCGTTCAAGGACATCCTGGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACC
TGGCCGACCAGTACGTGAAGGGCATCGCCARGAGCAGGAAGAGCGGATCC

Translation (SEQID NO:68)
MKALIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSHFANLKGTETRGKLCPK
CLNCTDLDVALGRPKCTGKIPSARVSILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINA
ENAPGGPYKIGTSGSCPNITNGNGFFATMAWAVPKNDKNKTATNPLTIEVPYICTEGEDQITVWGFHSDNE
TOMARLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILL
PQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRPP
AKLLKERGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNSLSELEVRNLQ
RLSGAMDELHNEILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGN
GCFETKHRKCNQTCLDRIAAGTFDAGEFSLPTFDSLNITSGGDITKLLNEQVNKEMQSSNLYMSMSSWCYTH
SLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIV
DHAIKSKDHATFNFLOQWYVAEQHEEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSGS

Fig. 34-4
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Plasmid DNA sequence (SEQID NQ:150)

TCGCGCGTTTCGGTGATGACGCGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGETCACAGCTTGTCTG
TAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGEGCGCGTCAGCGGGTGTTGECGGATGTCGEGECTGGCT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGARATACCGCACAGATGCG
TAAGGAGARAATACCGCATCAGATTGGCTATTGGCCATTGCATACGTTGTATCCATATCATAATATGTACA
TTTATATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCA
ATTACGGGAACTTCCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGCAATTTCCAAACCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAA
CTTCCATTGACGTCAATGGGTGGAGTATTTACGGTARACTGCCCACTTGGGAATTTCCAAGTETATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGGAACTTCCATAAGCTTGCATTATGCCCAGTACATGACC
TTATGGGAATTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
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GCAGTACATCAATGGGCGTGGATAGCGGETTTGACTCACGGGAACTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGACTCACCAAAATCAACGGGAATTCCCARAATGTCGTAACAACTCCGCCCCATTGA
CGCARATGGGCGGTAGGCETGTACGCTGCGCAGCTCTATATARGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCATCGGCT
CGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACECCGETTEGAGTCGCGTTCTGCC
GCCTCCCGCCTGTGGETGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGG
GCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTT
GCTCAACTCTAGTTAACGGTGCAGGCGCAGTGTAGTCTGAGCAGTACTCGTTGCTGCCGCGCGCGCCACCAG
ACATAATAGCTGACAGACTAACAGACTGTTCCTTTCCATGGETCTTTTCTGCAGTCACCGTCGTCGACACE
TGTGATCAGATATCGCGGCCGCTCTAGAGATATCGCCACCATGAAGGCCAAGCTGCTGGTGCTGCTGTGCA
CCTTTACCGCCACCTACGCCGACACCATCTEGCATTGGCTACCACGCCAACAACAGCACCGACACCGTGGAT
ACCGTGCTGGAAAAGAACCTGACCGTGACCCACAGCGTGAACCTGGCATCCGCACTGAGAATGGTCACCGG
CCTGAGAAACATCCCCAGCATCCAGAGCAGAGGCCTGTTTGGAGCCATTGCCGGCTTTATTGAGGGCGGAT
GGACCGGAATGGTGGATGCCTGCTACGGCTACCACCACCAGAATGAGCAGGGCTCTGGCTATGCCGCCGAT
CAGAAGTCTACCCAGAACGCCATCAACGGCATCACCAACARAGTGAACAGCGTGATCGAGAAGATGGGCGG
CGATCCTGAATGGGACAGAGAGATCAACAACTACACCAGCATCATCTACAGCCTGATCGAGGARAGCCAGA
ACCAGCAGGAAARACGGCACAGGCGGCGEATCTGGAATTGTGCAGCAGCAGAACAACCTGCTGAGAGCCATT
GAGGCCCAGCAGCATCTGCTGCAGCTGACAGTGTGCEGCATCAAGCAGCTGCAGACCTACAATGCCGAGLT
GCTGETCCTCCTGGAAAACGAGAGAACCCTGGACTTCCACGACAGCAACGTGAAGAACCTGTACGAGARAAG
TGAAGTCCCAGCTGAAGAACAACCGCCAAAGAGATCGGCARCGGCTGCTTCGAGTTCTACCACAAGTGCANC
AACGAGTGCATGGAAAGCGTGAAGAACGGCACCTACGACTACCCCARGTACAGCGAGGAAAGCAAGCTGAA
CAGAGAGAAGATCGACTCCGGAGGCCGACATCATCAAGCTGCTGAACGAGCAGGTGAACAAGCAGATGCAGA
GCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACACCCACAGCCTGGACGGCGCCEECCTEGTTCCTG
TTCGACCACGCCGCCGAGGAGTACGAGCACGCCAAGAAGCTGATCATCTTCCTGAACGAGAACAACGTGCC
CETECAGCTGACCAGCATCAGCGCCCCCEAGCACAAGTTCGAGGGCCTGACCCAGATCTTCCAGAAGGCCT
ACGAGCACGAGCAGCACATCAGCGAGAGCATCAACAACATCGTGGACCACGCCATCAAGAGCAAGGACCAL
GCCACCTTCAACTTCCTGCAGTGGTACGTGGCCGAGCAGCACGAGGAGGAGGTGCTGTTCAAGGACATCCT
GGACAAGATCGAGCTGATCGGCAACGAGAACCACGGCCTGTACCTGGCCGACCAGTACGTGAAGGGCATCG
CCAAGAGCAGGAAGAGCGGATCCTAGCATCATCATCATCATTAGTCTGCGAAGGGCGAATTGATCCAGATCT
GCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGL
CACTCCCACTGTCCTTTCCTAATARAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTC
TGGGGGGTGGCGTGCGGCAGCGACAGCAAGGGGGAGGATTGCGAAGACAATAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGETACCCAGETGCTGARGAATTGACCCGGTTCCTCCTGGGCCAGAAAGARGCAGGCACA
TCCCCTTCTCTGTGACACACCCTGTCCACGCCCCTGGTTCTTAGTTCCAGCCCCACTCATAGGACACTCAT
AGCTCAGGAGGGCTCCGCCTTCAATCCCACCCGCTAARGTACTTGGAGCEETCTCTCCCTCCCTCATCAGC
CCACCAAACCAAACCTAGCCTCCAAGAGTGGGAAGAAATTAAAGCAAGATAGGCTATTAAGTGCAGAGGGA
GAGAAAATGCCTCCAACATGTGAGGAAGTAATGAGAGAAATCATAGAATTTTAAGGCCATGATTTAAGGCC
ATCATGGCCTTAATCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGSE
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAARAAGGCCGCGTTCGCTGGCGTTTTTCCATAGGCTCCGCCC
CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTCGCGAAACCCGACAGGACTATAAAGATACC
AGGCGTTTCCCCCTCGAAGCTCCCTCGTGCGCTCTCCTEGTTCCGACCCTGCCGCTTACCGGATACCTGTCC
GCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGT
CGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGEGTAACAGGATTAGC
AGAGCCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGARC
AGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAARAGAGTTGGTAGCTCTTGATCCGGCA
AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCT
CAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTT
GGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTARAAATGAAGTTTTAAATCAATCT
AAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATC
TGTCTATTTCGTTCATCCATAGTTGCCTGACTCGEGGGGGEEEGGCECTGAGGTCTGCCTCGTGAAGAAGG
TGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGA
GAGCTTTGTTGTAGGTGGACCAGTTGGTCATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCG
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GGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCCGATTTATTCAACAAAGCCGCCGTCCCGTCAA
GTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAARACTCATCGAGCATCAA
ATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCCTTTCTGTAATGAAG
GAGAARACTCACCGAGGECAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCA
ACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGCGGTTATCAAGTGAGAAATCACCATGAGTGAL
GACTGAATCCGGTGAGAATGGCAARAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTAC
GCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCCTGATTCGCGCCTCGAGCGAGACGAAAT
ACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGL
ATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAG
TGGTGAGTAACCATGCATCATCAGGAGTACCGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTC
AGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAA
CTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCC
ATTTATACCCATATAAATCAGCATCCATCTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGA
ATATGGCTCATAACACCCCTTETATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATT
TTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTCCCCCCCCCCCCATTATTGAA
GCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAARCAAATAGGG
GTTCCGCGCACATTTCCCCGAAAAGTGCCACCTCACGTCTAAGAAACCATTATTATCATGACATTAACCTA
TAAAAATAGGCGTATCACGAGGCCCTTTCGTC

Coding sequence (SEQID NO:151})
ATGAAGGCCAAGCTGCTGGTGCTGCTGTGCACCTTTACCGCCACCTACGCCCGACACCATCTGCATTGGCTA
CCACGCCAACAACAGCACCGACACCGTGGATACCGTGCTGGARAAGAACGTCGACCGTGACCCACAGCGTGA
ACCTGGGATCCGGACTGAGAATGGTCACCGGCCTGAGAARCATCCCCAGCATCCAGAGCAGAGGCCTGTTT
GGAGCCATTGCCGGCTTTATTGAGGGCGCGATGGACCGGAATGGTGGATGGGTGGTACGGCTACCACCACCA
GAATGAGCAGGGCTCTGGCTATGCCGCCGATCAGAAGTCTACCCAGAACGCCATCAACGGCATCACCAACA
AAGTGAACAGCGTCGATCGAGAAGATGGGCGGCGATCCTGAATGGCGACAGAGAGATCAACAACTACACCAGC
ATCATCTACAGCCTGATCGAGGAAAGCCAGAACCAGCAGGAAAACGGCACAGGCGGCGCGATCTGGAATTGT
GCAGCAGCAGAACARACCTGCTGAGAGCCATTGAGGCCCAGCAGCATCTGCTGCAGCTGACAGTGTGGGGCA
TCAAGCAGCTGCAGACCTACRATGCCGAGCTGCTGGTCCTCCTGGAAAACGAGAGAACCCTGCACTTCCAL
GACAGCAACGTGAAGAACCTGTACGAGAAAGTGAAGTCCCAGCTCAAGAACANCGCCARACGACGATCGGCAA
CGGCTGCTTCGAGTTCTACCACAAGTGCAACAACGAGTGCATGGAAAGCGTGAAGAACGGCACCTACGACT
ACCCCAAGTACAGCGAGGAAAGCAAGCTGAACAGAGAGRAGATCGACTCCGGAGGCGACATCATCAAGCTS
CTGAACGAGCAGGTGAACAAGGAGATGCAGAGCAGCAACCTGTACATGAGCATGAGCAGCTGGTGCTACAL
CCACAGCCTGGACGGCGCCGGCCTGTTCCTGTTCGACCACGCCGCCGAGGAGTACGCGAGCACGCCAAGAAGC
TGATCATCTTCCTGAACGAGAACAACGTGCCCGTGCAGCTGACCAGCATCAGCGCCCCCGAGCACAACGTTC
GAGGGCCTGACCCAGATCTTCCAGAAGGCCTACGAGCACGAGCAGCACATCAGCCGAGAGCATCAACAACAT
CGTGGACCACGCCATCAAGAGCAAGGACCACGCCACCTTCAACTTCCTGCAGTCGGTACGTGGCCGAGCAGT
ACGAGGAGGAGGTGCTGTTCAAGGACATCCTGGACAAGATCGAGCTCGATCGGCAACGAGAACCACGGCCTG
TACCTGGCCGACCAGTACGTGAAGGGCATCGCCAAGAGCAGCAAGAGCGGATCC

Translation (SEQ ID NQ:101)
MKAKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVIVTHSVNLGSGLRMVTGLRNIPSIQSRGLF
GAIAGFIEGGWTGMVDGWYGYHHONEQGSGYAADQKSTONAINGITNKVNSVIEKMGGDPEWDREINNYTS
IIYSLIEESONQQENGTGGGSGIVOQONNLLRATEAQOHLLOLTVWGIKQLOTYNAELLVLLENERTLDFH
DSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNNECMESVRKNGTYDYPKYSEESKLNREKIDSGGDITIKL
LNEQVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYEHAKKLITFLNENNVPVQLTSI SAPEHKF
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWYVAEQHEEEVLFKDILDKIELIGNENHGL
YLADQYVKGIAKSRKSGS
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H1 CA SS/Gen4.55/ferritin -~ (SEQ ID NO:152)
tcgegegtticggigatgacggtgaaaacctctgacacatgcagetcecggagacggicacagetigtetgtaageggatgeegggageagaca
agcccgticagggegegtcagegggtgttggeggptgteggpgctggcttaactatgeggeatcagageagattgtactgagagtgcaccatatg
cggtgtgaaataccgcacagatgegtaaggagaaaataccgeatcagattggetatiggecattgeatacgtigtatecatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgttgacattgattatigactagttattaatagtaatcaattacggggteattagttcatagecc
atatatggagttccgegttacataacttacggtaaatggeeegectggetgaccgeccaacgacececcgeccattgacgtcaataatgacgtatgt
tcccatagtaacgecaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatat
gccaagtacgecccctattgacgtcaatgacggtaaatggeccgectggeattatgeccagtacatgaccttatgggactttectacttggeagta
catctacgtattagtcatcgctattaccatggtgatgegptttiggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagt
Ctccaccccattgacgtcaatgggagttigttttggecaccaaaatcaacgggactttccaaaatgtegtaacaactcegecceattgacgcaaatg
gecggtaggcgtgtacggtgggaggtctatataagcagagcetegtitagtgaaccgtcagategectggagacgecatceacgetgttitgacct
ccatagaagacaccgggaccgatccagectecateggetegeatetetecttcacgegeccgeegeectacetgaggecgecatecacgeegett
gagtcgcgttctgecgectceegectgtggtgectectgaactgegtecgeegtetaggtaagtttaaagetcaggtegagaccgggectttgteeg
gegetececttggagectacctagactcagecggetctecacgctttgectgaccetgettgetcaactctagttaacggtggagggeagtgtagtet
gagcagtactcgttgctgeegegegegecaccagacataatagetgacagactaacagactgticetttccatgggtettttectgeagtcaccgte
gtcgacacgtgtgatcagatategeggecgetctagagatatcgecaccatgaaggcetatectggtggtgetgetgtacaccttigecaccgecaa
tgcegacaccctgtgtatiggetaccacgccaacaacageaccgacaccgtggataccgtgetggaaaagaacgtgaccgtgacccacagegt
gaacctgggcteeggectgagactggecaccggectgagaaacatecccageattcagageagaggectgttiggagecattgecggetttatig
agggcggatggaccggaatggtggatgggtggtacggctaccaccaccagaatgageagggctctggetatgecgeegacctgaagtctacce
agaacgccatcgacgagatcaccaacaaagtgaacagegtgatcgagaagatgggeggetgggacccatgggacagagagatcaacaacta
caccagcatcatctacagcectgatcgaggaaagccagaaccagcaggaaaacggcacaggeggeggatcetggaattgtgecageageagaaca
acctgctgagagcecattgaggeccageagceatctgetgecageigacagtgtggggeatcaageagetgcagacctacaacgeegagetgetggt
getgetecgagaatgagagaaccctggactaccacgacagcaacgtgaagaacctgtacgagaaagtgeggagecagetgaagaacaacgee
aaagagatcggcaacggctgcticgagttctaccacaagtgegacaatacctgeatggaaagegtgaagaacggeacctacgactaccccaag
tacagcgaggaagccaagcetgaaccgggaagagatcgaticcggaggegacatcatcaagetgetgaacgagcaggtgaacaaggagatge
agagcagcaacctgtacatgagcatgagcagcetggtgctacacccacagectggacggegecggectgticctgttcgaccacgeegecgagga
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gtacgagcacgccaagaagctgatcatcttcctgaacgagaacaacgtgeccgtgeagetgaccageatcagegeccccgagcacaagttega
gggcctgacccagatcticcagaaggectacgageacgageagceacatcagegagagcatcaacaacatcegtggaccacgecatcaagagca
aggaccacgccaccttcaacttcctgcagtggtacgtggecgageageacgaggaggaggtgetgttcaaggacatectggacaagategaget
gatcggcaacgagaaccacggectgtacctggeegaccagtacgtgaagggcatcgccaagageaggaagageggatcectageatcateate
atcatcattagtctgaagggcgaatigatccagetgtgecttctagtigecagecatetgttgtitgecccteccecgtgecttecttgaceciggaa
ggtgccactcccactgtectttcctaataaaatgaggaaattgeategeattgtctgagtaggtgtcattctattctgggggetegggteggggcag
gacagcaagggggaggattgggaagacaatagcaggcatgetggggatgeggtgggetctatgggtacccaggtgetgaagaattgacceggt
tcctectgggecagaaagaagceaggcacatceccttetetgtgacacaccctgtccacgeecctggticttagticcagecccactcataggacac
tcatagctcaggagggctecgecttcaateccaccegetaaagtactiggageggtceteteecteccteatcageccaccaaaccaaacctagect
ccaagagtgggaagaaattaaagcaagataggctattaagtgcagagggagagaaaatgectecaacatgtgaggaagtaatgagagaaat
catagaattttaaggccatgatttaaggccatcatggecttaatcttecgettectegeteactgactcgetgegeteggtegttcggetgeggega
gcggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaa
ggccaggaaccgtaaaaaggecegegttgetggegtitttcecataggetecgeccecectgacgageatcacaaaaategacgetcaagtcagagg
tggcgaaacccgacaggactataaagataccaggegttteccectggaagetecctegtgegetctectgticcgaccctgecgettaceggatac
ctgtcegeetttcteecttcgggaagegtggegctttctcatagetcacgetgtaggtatcteagtteggtgtaggtegticgetecaagetgggetg
tgtgcacgaaccccccgticagecegaccgetgegecttatecggtaactategictigagtccaacccggtaagacacgacttategeeactgge
agcagccactggtaacaggattagcagagcegaggtatgtaggeggtgctacagagtictigaagtggtggectaactacggctacactagaaga
acagtattiggtatctgegctctgetgaagecagttaccttcggaaaaagagttggtagetcttgatceggcaaacaaaccaccgetggtageggt
ggttttittgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatectitgatctttictacggggtctgacgetcagtggaac
gaaaactcacgttaagggattitggtcatgagattatcaaaaaggatcttcacctagatcctittaaattaaaaatgaagtittaaatcaatctaa
agtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatetgtctatttegttcatccatagttgectg
actcggggegegeeegcgctgaggtcetgcctegtgaagaaggtgtigetgactcataccaggectgaategecccateatecagecagaaagtg
agggagccacggtigatgagagctttgttgtaggtggaccagtiggtgattttgaacttttgetttgccacggaacggtctgegtigtcgggaagat
gegtgatctgatecttcaactcagcaaaagttcgatttattcaacaaageegeegteecgtcaagtcagegtaatgetctgecagtgttacaacea
attaaccaattctgattagaaaaactcatcgagcatcaaatgaaactgcaatttaticatatcaggattatcaataccatatttttgaaaaagecg
tttctgtaatgaaggagaaaactcaccgaggcagttccataggatggeaagatectggtateggtetgegattecgactegtccaacatcaatac
aacctattaatticcectcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatccggtgagaatggeaaaagcettatge
atttctticcagactigttcaacaggccagecattacgctegtcatcaaaatcactcgecatcaaccaaaccgttattcattegtgattgegectgag
cgagacgaaatacgcegatcgetgttaaaaggacaattacaaacaggaatcgaatgcaaccggegcaggaacactgecagegcatcaacaata
ttttcacctgaatcaggatattcttctaatacctggaatgcetgtittcecggggategeagtggtgagtaaccatgcatcatcaggagtacggataa
aatgcttgatggtcggaagaggcataaattccgtcagecagtttagtctgaccateteatetgtaacatcattggeaacgcetacctitgecatgttt
cagaaacaactctggcgceatcgggcticccatacaatcgatagattgtcgeacctgattgeccgacattatcgegageccatttatacceatataa
atcagcatccatgttggaatttaatcgeggectcgageaagacgtttecegttgaatatggetcataacaccectigtattactgtttatgtaagea
gacagttttattgticatgatgatatatttttatctigtgcaatgtaacatcagagattttgagacacaacgtggctttcccecceeccecattattga
agcatttatcagggttattgtctcatgagceggatacatatitgaatgtatttagaaaaataaacaaataggggttccgegcacatttccccgaaaa
gtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggecctttcgtc
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tegegegtiteggtgatgacggtgaaaacctctgacacatgeageteecggagacggtcacagettgtetgtaageggatgecgggageagaca
agcecgtcagggegegtcagegggtgtiggcgggtgtcggggetggcttaactatgeggeatcagageagattgtactgagagtgeaccatatg
cggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcagattggetattggecattgeatacgtigtatecatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgttgacatigattattigactagttattaatagtaatcaattacggggtcattagttcatagecc
atatatggagttccgegttacataacttacggtaaatggeecgectggetgaccgeccaacgacceccgeccattgacgtcaataatgacgtatgt
tcccatagtaacgecaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccactiggeagtacatcaagtgtatcatat
gccaagtacgecccctattgacgtcaatgacggtaaatggeecgectggeattatgeccagtacatgaccttatgggactttcctacttggeagta
calctacgtattagtcatcgctattaccatggtgatgeggttitggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagt
ctccaccecattgacgtcaatgggagtitgitttggcaccaaaatcaacgggactttccaaaatgtegtaacaactcegecccattgacgeaaatg
ggcggtaggcegtgtacggtgggaggtctatataagcagagetegtitagtgaaccgtcagatcgectggagacgecatecacgetgttttgacct
ccatagaagacaccgggaccgatccagectecateggetegeatctcetecttcacgegeeegecgecctacctgaggeegecatecacgeeggtt
gagtcgegtictgecgecteeegectgtggtgectectgaactgegtecgeegtctaggtaagtttaaagetcaggtegagaccgggectttgtecg
gegcetecctiggagectacctagactcageeggetetecacgetttgectgaccetgettgetcaactetagttaacggtggagggcagtgtagtct
gagcagtactcgttgctgecgegegegecaccagacataatagetgacagactaacagactgttcctttccatgggtettttctgeagteacegte
gtcgacacgtgtgatcagatatcgeggecgcetctagagatatcgecaccatgaaagtgaagetgetggtgetgetgtgtacctttacegecaccta
cgccgataccatctgtateggetaccacgccaacaatageaccgacacegtggataccgtgetggaaaagaacgtgaccgtgacccacagegt
gaacctgggatcaggactgagaatggtgaccggectgaggaatatceccageatccagageagaggectgtitggegecattgecggctttate
gagggcggatgpacaggceatggtggatgggtggtacggctaccaccaccagaatgageagggatctggetatgeegecgatcagaagageac
ccagaacgccatcaacggeatcaccaacaaagtgaacagegtgatcgagaagatgggeggegatectgaatgggacagagagatcaacaact
acaccagcatcatctacagectgatcgaggaaagccagaaccagcaggaaaacggeacaggeggeggatetggaattgtgeageageagaac
aacctgetgagagcecattgaggeccageageatetgetgeagetgacagtgtggggcatcaageagetgeagacctacaacgecgaactectgg
tectectggaaaatgagaggaccetggacttccacgacagcaacgtgaagaacctgtacgagaaagtgaagagecageigaagaacaacgec
aaagagatcggcaacggetgettcgagttctaccacaagtgcaacgacgagtgcatggaaagegtgaagaacggcacctacgactaccccaa
gtacagcgaggaaagcaagetgaaccgggagaagatcgattccggaggegacatcatcaagetgetgaacgagcaggtgaacaaggagatg
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cagagcagcaacctgtacatgagcatgagcagcetggtgctacacccacagectggacggegeeggectgttectgttcgaccacgecgecgagg
agtacgagcacgccaagaagctgatcatcttectgaacgagaacaacgtgeccgtgeagetgaccageatcagegeccccgagceacaagticg
agggccetgacccagatcttccagaaggectacgagcacgagcageacatcagegagagcatcaacaacatcgtggaccacgecatcaagage
aaggaccacgccaccttcaacttectgeagtggtacgtggecgageageacgaggaggaggtgcetgttcaaggacatectggacaagatcgag
ctgatcggcaacgagaaccacggcctgtacctggecgaccagtacgtgaagggeatcgecaagagcaggaagageggatcctageatcateat
catcatcattagtctgaagggegaatigatccagetgtgoctictagttgecagecatctgttgtttgeecectececcgtgecttecttgacectgga
aggtgccactceccactgtectitcctaataaaatgaggaaattgeatcgeatigtctgagtaggtgtcatictattctgggeegtgggatggggca
ggacagcaaggeggaggatigggaagacaatagcaggcatgetggggatgeggtgggetctatgggtaceccaggtgctgaagaattgacceg
gttectectgggecagaaagaagcaggcacatceccttetetgtgacacaccctgtccacgecectggttcttagttccagecccactcataggac
actcatagctcaggagggcetecgecttcaateccaccegetaaagtacttggageggtetetecctecctecatcageccaccaaaccaaacctag
cctccaagagtgggaagaaattaaagcaagataggctattaagtgcagagggagagaaaatgectccaacatgigaggaagtaatgagagaa
atcatagaattttaaggccatgatttaaggccatcatggecttaatcttcegettectegetcactgactegetgegeteggtegtteggetgeggceg
agcggtatcagcetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaa
aggccaggaaccgtaaaaaggecgegttgetggegtttttccataggcetecgeccecctgacgagcatcacaaaaatcgacgctcaagtcagag
gtggcgaaacccgacaggactataaagataccaggegtitcccecctggaagetcectegtgegcetctectgticcgacectgecgettaccggata
cctgteccgectticteceticgggaagegtggegcetttctcatagetcacgetgtaggtatetcagticggtgtaggtegttcgetccaagetgggcet
gtgtgcacgaaccccecgttcageccgaccgetgegecttatecggtaactategtetigagtccaacccggtaagacacgacttatcgecactgg
cagcagccactggtaacaggattagcagagcgaggtatgtaggeggtgctacagagticttigaagtggtggectaactacggetacactagaag
aacagtatftggtatctgcgctctgetgaagecagttaccttcggaaaaagagttggtagcetctigatccggcaaacaaaccaccgetggtageg
giggtitttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctittctacggggtctgacgctcagtgga
acgaaaactcacgttaagggatttiggtcatgagattatcaaaaaggatcticacctagatccttttaaattaaaaatgaagttttaaatcaatct
aaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggceacctatctcagegatetgtctatticgttcatecatagttgec
tgactcggggggeregggcgctgaggictgectegtgaagaaggtgttgetgactcataccaggectgaatcgecccatcatccagecagaaag
tgagggagccacggtigatgagagcettigtigtaggtggaccagtiggtgattttgaacttttgettigccacggaacggtetgegtigtcgggaag
atgcgtgatctgatccttcaactcagcaaaagttcgatttattcaacaaagecgecgteccgtcaagtcagegtaatgetetgecagtgttacaac
caattaaccaattctgattagaaaaactcatcgagcatcaaatgaaactgeaatttattcatatcaggattatcaataccatatttttgaaaaage
cgtttctgtaatgaaggagaaaactcaccgaggcagliccataggatggeaagatcectggtateggtetgegattecgactegtcecaacatcaat
acaacctattaatttccectcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatccggtgagaatggcaaaagcttat
gcattictttccagacttgttcaacaggecagecattacgetcgtcatcaaaatcactcgeatcaaccaaaccgttattcaticgtgattgegectg
agcgagacgaaatacgcgatcgctgttaaaaggacaattacaaacaggaatcgaatgcaaccggcgeaggaacactgecagegeatcaacaa
tattttcacctgaatcaggatattcttictaatacctggaatgetgtittcccggggatcgeagtggtgagtaaccatgcatcatcaggagtacggat
aaaatgcttgatggtcggaagaggcataaattccgtcagecagtitagtetgaccatctecatctgtaacatcattggecaacgetacctttgecatgt
ttcagaaacaactctggcgeatcgggcttecccatacaatcgatagattgtegeacctgattgeccgacattatcgegageccatttatacccatat
aaatcagcatccatgttggaatttaatcgeggectcgagcaagacgtttceegtigaatatggetcataacaccecttgtattactgtttatgtaag
cagacagttttattgttcatgatgatatattittatctigtgcaatgtaacatcagagatttigagacacaacgtggctttcccecccecceccattatt
gaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegeacatttcccecgaa
aagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggecectticgte
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CMVIR Backbone

____CMV IE Enhancer/Promoter

HTLV-1 R Region/Splicing Donor

. ;\”\CMV IE Splicing Acceptor
H2 SING SS/Gen4.55/Ferritin

5776bp

'H2 SING SS/Gend.55/Ferritin

H2 Sing SS/Gen4.55/ferritin - (SEQ ID NO:154)
tcgegegtticggtgatgacggtigaaaacctctgacacatgeageteecggagacggtcacagettgtetgtaageggatgeegggageagaca
agcccgtcagggegegtcagegggtgtiggegggtgtegggectggettaactatgeggeatcagageagattgtactgagagtgeaccatatg
cggtgigaaataccgcacagatgcgtaaggagaaaataccgcatcagattggetatiggecattgeatacgtigtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgccatgtigacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageec
atatatggagttccgegttacataacttacggtaaatggeecgectggetgaccgeccaacgacccecgeccattgacgtcaataatgacgtatgt
tcccatagtaacgcecaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatat
gccaagtacgcecccctattgacgtcaatgacggtaaatggeccgectggeattatgeccagtacatgaccttatgggactttectacttggeagta
catctacgtattagtcatcgctattaccatggtgatgeggttitggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagt
ctccaccecattgacgtcaatgggagtttgtittggcaccaaaatcaacgggactttccaaaatgtegtaacaactccgecccattgacgcaaatg
gecgetaggcegtgtacggtgggaggtctatataageagagetegtttagtgaaccgtcagategectggagacgecatccacgcetgttttgacct
ccatagaagacaccgggaccgatccagcctccatcggetegeatctcetecttcacgegecegecgecctacctgaggecgecatccacgecggtt
gagtcgegttctgeegectccegectgtggtgectectgaactgegtecgeegtctaggtaagtttaaagetcaggtegagacegggectttgteeg
gcgctcccttggagectacctagactcagecggetctecacgetitgectgacectgettgetecaactctagttaacggtggagggeagtgtagtet
gagcagtactcgtigctgecgegegegecaccagacataatagetgacagactaacagactgttectttccatgggtettttctgeagtcacegte
gtcgacacgtgtgatcagatatcgeggecgctctagagatatcgecaccatggecateatctacctgattetgetgtitacagecgtcagaggega
tcagatctgtattggcetaccacgccaacaatagcaccgagaaagtggataccatcctggaaagaaatgtgacagtgacacacgccaaggatatt
ggatcaggactggtgctggctacaggactgagaaatgtgectcagatigagageagaggectgtitggagecattgetggetitattgaaggegg
atggcagggaatgattgatgggtggtacggctaccaccactctaatgatcagggatctggatatgecgecgacaaagaatctacacagaaage
cttcgacggcatcaccaacaaagtgaatagegtgatcgagaagatgggeggagatcecgaatgggacagagagatcaacaactacaccagea
tcatctacagcctgatcgaggaaagccagaatcagcaggaaaatggaacaggeggaggatctggaattgtgcageagcagaacaatctgetg
agagctattgaagctcageagcatctgetgaatctgacagtgtggggaatcaaacagetgcagacatacaatgetgagetgetggtgetgatgg
aaaatgagagaaccctggacttccacgacagcaatgtgaagaacctgtacgacaaagtgeggatgcagetgagagacaatgtgaaagaactg
ggcaatggctgcticgagtictaccacaagtgegacgatgagigtatgaacagegtgaagaacggcacctacgactaccctaagtacgaggaa
gagagcaagctgaacagaaatgagatcaagtccggaggcegacatcatcaagetgetgaacgageaggtgaacaaggagatgcagageagea

Fig. 38-1



U.S. Patent Sep. 13,2016 Sheet 75 of 87 US 9,441,019 B2

acctgtacatgagcatgagcagctggtgctacacccacagectggacggegecggectgttectgticgaccacgeegecgaggagtacgagea
cgccaagaagetgatcatcttcctgaacgagaacaacgtgecegtgeagetgaccageatcagegeccecgagcacaagticgagggectgac
ccagatcttccagaaggcectacgageacgagcagcacatcagcgagagcatcaacaacatcgtggaccacgccatcaagagcaaggaccacg
ccaccttcaacticctgcagtggtacgtggecgagceagcacgaggaggaggtgcetgttcaaggacatectggacaagatcgagcetgatcggeaa
cgagaaccacggcctgtacctggecgaccagtacgtgaagggeatcgeccaagageaggaagageggatcctageatcatcatcateatcatta
gictgaagggcgaattgatccagetgtgecttctagttgecagecatcetgttgtttgeccctecceegtgecttecttgaccetggaaggtgecacte
ccactgtcctttcctaataaaatgaggaaattgcatcgeattgtctgagtaggtgtcatictattctgggggetgegetagpgcaggacageaagsg
gggaggattgggaagacaatagcaggcatgctggegatgeggtgggctctatgggtacccaggtgetgaagaattgaceeggttectectggge
cagaaagaagcaggcacatccccttctetgtgacacaccctgtecacgeccctggttcttagticcagecccactcataggacactcatagctcag
gagggctccgecttcaatcccacccgetaaagtacttggageggtcteteecteectcatcageccaccaaaccaaacctagectccaagagtgg
gaagaaattaaagcaagataggctattaagtgcagagggagagaaaatgectccaacatgtgaggaagtaatgagagaaatcatagaatttt
aaggccatgatttaaggcecateatggecttaatettecgettectegetcactgactegetgegeteggtegtteggetgeggegageggtatcage
tcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggecaggaac
cgtaamaaggcecgegtigetggegtttttccataggetcegeccccctgacgageatcacaaaaatcgacgctcaagtcagaggtggegaaacc
cgacaggactataaagataccaggcgtttcccectggaagetecctegtgegetcetectgticcgacectgecgettaccggatacctgteegectt
tcteecttegggaagegtggepctttctcatagetcacgetgtaggtatctcagtteggtgtaggtegttcgetecaagetgggetgtgtgeacgaa
ccccecgttcageccgaccgetgegecttatccggtaactategtettgagtccaacccggtaagacacgacttatecgecactggecageagecact
ggtaacaggattagcagagcegaggtatgtaggeggtgctacagagtictigaagtggiggectaactacggctacactagaagaacagtatitg
gtatctgcgcetctgetgaagecagttaccticggaaaaagagtiggtagetcttgatccggeaaacaaaccaccgetggtageggtggttitttigt
ttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactca
cgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattanaaatgaagttttaaatcaatctaaagtatatatg
agtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttegttcatccatagttgectgactcgggsg
ggggeggcgctgaggtetgectcgtgaagaaggtigttgetgactcataccaggectgaatcgecccatcatccagecagaaagtgagggagee
acggtigatgagagctttgttgtaggtggaccagttggtgattttgaacttttgetitgccacggaacggtetgegttgtcgggaagatgegtgatc
tgatccttcaactcagcaaaagttcgatttattcaacaaagccgecgtcccgtcaagtcagegtaatgetetgecagtgttacaaccaattaacca
attctgattagaaaaactcatcgagcatcaaatgaaactgcaatttaticatatcaggattatcaataccatatttttgaaaaagcegtttctgtaa
tgaaggagaaaactcaccgaggcagttccataggatggcaagatcctggtatcggtetgegattecgactegteccaacatcaatacaacctatta
atttccectegtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatceggtgagaatggeaaaagcttatgeatttctttcc
agacttgttcaacaggccagccattacgctcgtcatcaaaatcactcgeatcaaccaaaccgttaticattcgtgattgegectgagegagacga
aatacgcgatcgctgttaaaaggacaattacaaacaggaatcgaatgcaaccggegcaggaacactgecagegeatcaacaatattttcacct
gaatcaggatattcttctaatacctggaatgctgttttcccggggategeagtggtgagtaaccatgeatcatcaggagtacggataaaatgettg
atggtcggaagaggcataaattccgtcagecagtttagtctgaccatctcatctgtaacatcattggeaacgctacctttgecatgtttcagaaac
aactctggcegcatcgggcttcccatacaatcgatagattgtcgeacctgatigeccgacattategegageccatttatacccatataaatcagcea
tccatgttggaatttaatcgcggectcgagecaagacgtttccegttgaatatggetcataacaccecttgtattactgtttatgtaagcagacagttt
tattgttcatgatgatatatttttatcttgtgcaatgtaacatcagagattitgagacacaacgtggcetttcccececcccececcattattgaageattta
tcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegeacatttccccgaaaagtgecace
tgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttecgtc
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CMV8x/IR-HINC SS4.55(517) SGG egm

Kan.

‘, HTLV-1 R Region/Splicing Donor
) . CMV IE Splicing Acceptor
H3 Bris SS/Gen4.55/Femitin

5810bp -

 H3 Bris $S/Gen4.55/ ferritin

H3 Bris SS/Gend.55/ferritin  (SEQ ID NO:155)
{cgegegtttcggtgatgacggtgaaaacctctgacacatgeageteecggagacggtcacagettgtctgtaageggatgecgggageagaca
agcccgtcagggegegtcagegggtgttggegggtgteggggetggcttaactatgeggeatcagagcagatigtactgagagtgeaccatatg
cggtgtgaaataccgcacagatgegtaaggagaaaataccgeatcagattggetatiggecattgeatacgttgtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgttgacattgattattgactagttattaatagtaatcaattacgggaacttccatageccatat
atggagttccgegttacataacttacgggaatttccaaacctggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgtteec
atagtaacgccaatagggaacticcattgacgtcaatgggtggagtattiacggtaaactgcecactigggaatttccaagtgtatcatatgecaa
gtacgceccctattgacgtcaatgacgggaacttccataagettgeattatgeccagtacatgaccttatgggaatttcctacttggeagtacatcet
acgtattagtcatcgctattaccatggtgatgeggtittggcagtacatcaatgggegtggatageggttigactcacgggaacttccaagtetee
accccattgacgtcaatgggagtttgttttgactcaccaaaatcaacgggaattcccanaatgtecgtaacaactccgecccattgacgcaaatgg
gcggtaggegtgtacggtgggaggtctatataageagagctegtttagtgaaccgtcagatcgectggagacgecateccacgetgtittgaccte
catagaagacaccgggaccgatccagectccatcggetegeatetetecticacgegecegecgecctacctgaggecgecatccacgeeggttg
agtcgegttctgeegecteceegectgtggtgectectgaactgegtecgecgtctaggtaagtttaaagetcaggtcgagacegggecttigteegg
cgcteecttggagectacctagactcageeggetcetececacgcetttgectgaccctgettgetcaactctagttaacggtggagggcagtgtagictyg
agcagtactcgttgetgecgegegegecaccagacataatagetgacagactaacagactgttectttccatgggtcttttctgeagtecaccgtegt
cgacacgtgtgatcagatatcgeggecegetctagagatatcgecaccatgaaaaccatcattgecctgagetacatectgtgectggtgttcacac
agaagctgeccggcaacgataatageaccgecacactgtgtctgggacaccacgeegigectaatggeaccatcgtgaaaacaatcaccaacg
accagatcgaagtgaccaatgccacagagetgggcetceggectgaagetggecaccggcatgagaaatgtgeccgagaageagaccagagge
atctttggcgccattgeeggctttatcgagaatggetgggagggaatggtggatgggtggtacggettcagacaccagaatagegagggaattg
gacaggccgccgatctgaaatctacccaggecgecatcgaccagatcaacggcaagetgaacaggetgateggcaagaccggeggegatece
gagtgggaccgggagatcaacaactacaccagcatcatctacagectgatcgaggagagecagaaccagcaggagaacggCaccgeCcgece
gcagcggcatcgtgcageageagaacaacctgetgegggecatcgaggeccageageacctgetgeagetgacegtgtggggeatcaageage
tgcagagctacaatgcecgaactgetggtcgecctggaaaaccageacacaattgatctgacagacagtgagatgaataagetgttcgagaaaa
ccaagaagcagctgagagaaaacgccgaggacatgggcaacggetgcticaagatctaccacaagtgegacaacgectgeateggeageate
agaaacggcacctacgaccacgacgtgtacagagatgaggecctgaacaaccggtttcagatcaagggetecggaggegacatcatcaagetg
ctgaacgagcaggtgaacaaggagatgcagagcagcaacctgtacatgagcatgagcagcetggtgctacacccacagectggacggcgecgs
cctgttectgttcgaccacgecgecgaggagtacgageacgecaagaagcetgatcatettectgaacgagaacaacgtgeecgtgeagetgace
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agcatcagcgccccegageacaagttcgagggectgacccagatcettccagaaggectacgageacgagecageacatcagegagageatcaa
caacatcgtggaccacgccatcaagagcaaggaccacgccaccttcaacticctgcagtggtacgtggecgageageacgaggaggaggtgcet
gttcaaggacatcctggacaagatcgagcetgatcggcaacgagaaccacggectgtacctggecgaccagtacgtgaagggceatcgccaagag
caggaagagcggatcctagceatcatcatcatcatcattagtctgaagggcegaattgatccagetgtgecttctagttgccagecatctgttgtttge
ccetececegtgecttecttgaccectggaaggtgecactcccactgtectticctaataaaatgaggaaattgeatcgeattgtctgagtaggigte
attctattctggpggetegggtggggcaggacageaagggggaggatigggaagacaatageaggeatgetggggatgeggtgggctctatgg
gtacccaggtgctgaagaattgacceggttcctcetgggecagaaagaageaggeacatcecectictetgtgacacaccctgteecacgeeectgg
ttcttagttccagecccactcataggacactcatagetcaggagggctcegecttcaatcccaccegetaaagtactiggageggtctcteectece
tcatcagcccaccaaaccaaacctagectccaagagtgggaagaaattaaageaagataggetattaagtgcagagggagagaaaatgecte
caacatgtgaggaagtaatgagagaaatcatagaattttaaggccatgatttaaggecatcatggecttaatcettecgettectegetcactgact
cgetgegeteggtegttcggetgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaa
gaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggeegegttgetggegtttitccataggetecgecccectgacgagea
tcacaaaaatcgacgctcaagtcagaggtggegaaaccegacaggactataaagataccaggegtttcececctggaagetecctegtgegetet
cctgttccgaccetgecgcettaccggatacctgtecgectttcteccttcgggaagegtggegctttctcatagetcacgetgtaggtatctcagtte
ggtgtaggtcgttcgctccaagetgggetgtgtgcacgaaccccccgttcageeccgaccgetgegecttateeggtaactategtettgagtecaa
ccecggtaagacacgacttatcgecactggeageagecactggtaacaggattagcagagegaggtatgtaggeggtgetacagagttcttgaag
tggtggcctaactacggctacactagaagaacagtatttggtatctgegetctgectgaagecagttacctticggaaaaagagttggtagetctiga
tccggeaaacaaaccaccgetggtageggtggtttttttgtttgcaageageagattacgecgcagaaaaaaaggatctcaagaagatcecttigat
ctittctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcectttta
aattaaaaatgaagtittaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcageg
atctgtctatttcgttcatccatagttgectgacteggggeggggegggegctgaggtetgectegtgaagaaggtgtigetgactcataccaggect
gaatcgccccatcatccagccagaaagtgagggagecacggtigatgagagcetttgttgtaggtggaccagtiggtgattitgaactttigetttg
ccacggaacggtctgegttgtcgggaagatgegtgatctgatecticaactcagcaaaagttegatttattcaacaaagecgecgteccgtcaagt
cagcgtaatgctctgecagtgttacaaccaattaaccaattctgattagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcagg
attatcaataccatatttttgaaasaagccgtttcigtaatgaaggagaaaactcaccgaggcagttccataggatggcaagatcctggtateggt
ctgcgattccgactcgtccaacatcaatacaacctattaatttceccctegtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactg
aatccggtgagaatggcaaaagcttatgeattictttccagacttgttcaacaggccagecattacgetcgtcatcaaaatcactcgeatcaacca
aaccgttattcattcgtgattgegectgagegagacgaaatacgegatcgetgttaaaaggacaattacaaacaggaatcgaatgcaaccggeg
caggaacactgccagcgcatcaacaatatittcacctgaatcaggatattctictaatacctggaatgcetpgttttcceggggatcgeagtggtgag
taaccatgcatcatcaggagtacggataaaatgcttgatggtcggaagaggcataaattcecgtcagecagtttagtetgaccatctcatetgtaac
atcattggcaacgctacctitgecatgtticagaaacaactctggegcategggcettcecatacaatcgatagattgtegeacctgattgeccgac
attatcgcgagcccatttatacccatataaatcagcatccatgtiggaatttaatcgeggectcgageaagacgtttcccgttgaatatggcetcata
acacccctigtattactgtttatgtaagcagacagtitttattgttcatgatgatatatttttatcttgtgcaatgtaacatcagagattttgagacaca
acgtggctttccccecccecccattattgaagcatttatcagggttatigtctcatgageggatacatattigaatgtatttagaaaaataaacaaa
taggggttccgegcacatttceccgaaaagtgecacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacg
aggccectttegtc

Fig. 39-2
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CMV8x/R-H1NC SS4.55(517) SGG egm

Kan.

__ HTLV-1 R Region/Splicing Donor

. . _CMV IE Splicing Acceptor
H3 Perth SS/Gen4.55/Fermitin

5810 bp

'H3 Perth $S/Gen4.55/ferritin

H3 Perth SS/Gen4.55/ferritin  (SEQ ID NO:156)
tcgegegttteggtgatgacggtgaaaacctetgacacatgeagetcccggagacggtcacagettgtetgtaageggatgecgggageagaca
agccegtcagggegegtcagegggtgtiggegggtegteggggctggcttaactatgeggeatcagageagattgtactgagagtgeaccatatg
cgglgtgaaataccgcacagatgcgtaaggagaaaataccgcatcagattggetatiggecattgcatacgttgtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgttgacattgattatigactagttattaatagtaatcaattacgggaacttccatageccatat
atggagttccgcgttacataacttacgggaatticcaaacctggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgticee
atagtaacgccaatagggaacticcattgacgtcaatgggtggagtatttacggtaaactgeccacttgggaatttccaagtgtatcatatgecaa
gtacgccccctattgacgtcaatgacgggaacttccataagettgcattatgeccagtacatgaccttatgggaatticctacttggeagtacatet
acgtattagtcatcgctattaccatggtgatgeggtittggcagtacatcaatgggegtggatageggtitgactcacgggaacticcaagtctee
accccattgacgtcaatgggagtttgttttgactcaccaaaatcaacgggaattcccaaaatgtcgtaacaactecgececattgacgcaaatgg
gcggtaggcegtgtacggigggaggtctatataageagagctegtttagtgaaccgtcagatcgectggagacgecateccacgcetgttttgaccte
catagaagacaccgggaccgatccagectccateggetegeatetcetecttcacgegeecgecgecctacctgaggecgecatccacgeeggttg
agtcgcgttetgecgectceegectgtggtgectectgaactgegteegecgtctaggtaagtitaaagetcaggtegagaccgggecetitgteegg
cgcteecttggagectacctagactcageeggetctecacgetitgectgacectgettgetcaactctagttaacggtggagggcagtgtagtctg
agcagtactcgttgctgecgegegegecaccagacataatagetgacagactaacagactgttectttccatgggtcttttetgecagtcaccgtegt
cgacacgtgtgatcagatatcgcggecgctctagagatatcgecaccatgaaaaccataattgegetgtectacatactgtgtetggtgtttgece
agaaactgccgggcaatgacaactcaacagecacgcetetgettggggeaccatgeegtcectaacgggaccattgtgaaaaccattactaacga
tcagatagaggtgactaatgccaccgagetgggeteeggettgaaactggegaceggtatgegeaatgtceccgaaaaacagaccegegggeat
atttggggctatcgecaggctttatcgagaatggetgggaagggatggtggatggtiggtatggtittagacatcaaaactccgaaggcagaggec
aggctgccgatctcaagagcacgcaggecgctatagatcagatcaatggaaagetcaacagactgatcgggaaaaccggeggegateccgag
tgggaccgggagatcaacaactacaccagcatcatctacagectgatcgaggagagecagaaccagcaggagaacggcaccggeggeggea
gcggcatcgtgcageageagaacaacctgetgegggecatcgaggcccagcageacctgetgeagetgacegtgtggggeatcaageagetge
agtcctacaatgecgagetgetggtggetictggagaatcagcacactatigacctgaccgattcagagatgaacaaactttttgagaagacgaa
gaagcagcttagagaaaatgcagaggacatggggaacggatgctttaaaatatatcataagtgtgataatgectgeateggatcaattagaaat
ggtacctatgatcacgatgtitacagggacgaagcgctgaataacaggttccagataaaaggetceggaggegacatcatcaagetgetgaac
gagcaggtgaacaaggagatgcagagcagcaacctgtacatgageatgageagetggtgetacacccacagectggacggegeeggectgttc
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ctgttcgaccacgeegecgaggagtacgageacgccaagaagetgateatcettectgaacgagaacaacgtgeccgtgeagetgaccageate
agcgeecccgageacaagticgagggectgacecagatcettccagaaggectacgageacgagcageacatcagegagagceatcaacaacat
cgtggaccacgccatcaagagcaaggaccacgecaccttcaacttcctgeagtggtacgtggecgageageacgaggaggaggtgctgticaa
ggacatcctggacaagatcgagetgateggeaacgagaaccacggectgtacctggecgaccagtacgtgaagggeatcgecaagagcagga
agagcggatcctagcatcatcatcatcatcattagtctgaagggegaattgatccagetgtgecttctagttgecagecatctgtigtitgecectec
ccegtgecttecttgacectggaaggtgecacteccactgtectitcctaataaaatgaggaaattgeatcgeattgtetgagtaggtgteattctat
tctgggeegetegeeteggpcaggacagcaaggeggaggattgggaagacaatagecaggcatgetgggpatgeggtgggctctatgggtacec
aggtpctgaagaattgacceggttcctectgggecagaaagaagcaggeacatecccttctetgtgacacaccctgtecacgeocctggticttag
ttccagcecccactcataggacactcatagetcaggagggeteecgecttcaatcccaccegctaaagtacttggageggtctctecctecctcatca
gcccaccaaaccaaacctagectccaagagtgggaagaaattaaagcaagataggetattaagtgeagagggagagaaaatgectccaacat
gtgaggaagtaatgagagaaatcatagaattttaaggccatgatttaaggccatcatggecttaatcttecgettectegetcactgactcgeige
gcteggtegtteggetgeggegageggtatcagetcactcaaaggegptaatacggttatccacagaatcaggggataacgcaggaaagaaca
tgtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggeegegtigetggegtttticcataggetecgeeccectgacgagceatcaca
aaaatcgacgctcaagtcagaggtggegaaaccegacaggactataaagataccaggegttteceectggaageteectegtgegetetectgtt
ccgaccctgecgettaccggatacctgteegectttcteecttcgggaagegtggegetttctecatagetcacgetgtaggtatceteagtteggtgta
ggtcgttcgctccaagetgggetgtgtgeacgaaccccccgttcagecegacegetgegecttateccggtaactategtettgagtccaacceggt
aagacacgacttatcgccactggcagcagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttgaagtggigs
cctaactacggctacactagaagaacagtatttggtatctgegetctgetgaagecagttaccitcggaaaaagagtiggtagetctigatcegge
aadacaaaccaccgctggtageggtggttttttigtitgecaagcageagattacgcgcagaaaaaaaggatctcaagaagatectitgatcttttct
acggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatecttttaaattaa
aaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgt
ctatttcgttcatccatagttgectgactcggggegggegegcgetgaggtetgectegtgaagaaggtgtigetgactcataccaggectgaate
gceccatcatccagecagaaagtgagggagecacggtigatgagagcetttgttgtaggtggaccagtiggtgatttigaacttttgettigecacg
gaacggtctgegtigtcgggaagatgcegtgatctgatecttcaactcagcaaaagticgatttaticaacaaagecgecgicecgicaagtcage
gtaatgctctgecagtgtiacaaccaattaaccaattctgattagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggatta
tcaataccatattttigaaaaagccgtttctgtaatgaaggagaaaactcaccgaggceagttccataggatggecaagatcctggtateggtetge
gattccgactcgtccaacatcaatacaacctattaatttccectcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaat
ccggtgagaatggcaaaagcttatgeatitctttccagacttgttcaacaggecagecattacgetegtcatcaaaatcactcgeatcaaccaaac
cgttattcattcgtgatigegectgagegagacgaaatacgegatcgetgitaaaaggacaattacaaacaggaatcgaatgcaaccggegeag
gaacactgccagcgcatcaacaatattttcacctgaatcaggatattctictaatacctggaatgetgtittcceggggatcgeagiggtgagtaa
ccatgcatcatcaggagtacggataaaatgcttgatggtcggaagaggcataaattcegtcagecagtttagtctgaccatctcatctgtaacate
attggcaacgctacctitgeccatgtttcagaaacaactctggegeatcgggettcccatacaatcgatagattgtcgcacctgattgeccgacatta
tcgegageccatttatacccatataaatcagceatccatgttggaatttaatcgeggectcgagcaagacgttteecgttgaatatggctcataaca
ccccttgtattactgtitatgtaagcagacagttttattgticatgatgatatatttttatctigtgcaatgtaacatcagagattttgagacacaacg
tggctttcceeeccceccccattatigaageatttatcagggttatigtctcatgageggatacatatttgaatgtatitagaaaaataaacaaatag
gggttcecgegeacatttccccgaaaagtgecacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgagg
ccetttegte

Fig. 40-2
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CMVIR Backbone

CMV IE Enhancer/Promoter

HTLV-1 R Region/Splicing Donor
___CMV IE Splicing Acceptor

H3 HK68 SS/Gen4.55/Ferritin

5812bp

" H3 HK68 SS/Gend.55/Ferritin

H3 HK SS/Gen4.55/ferritin -~ (SEQ ID NO:157)
tcgegegtticggtgatgacggtgaaaacctctgacacatgeageteeccggagacggtcacagettgtctgtaageggatgecgggagcagaca
ageccgtcagggegegteagegggtgtiggegggtgteggggetggettaactatgeggeatcagagceagattgtactgagagtgeaccatatg
cggtgtgaaataccgcacagatgcgtaaggagaaaataccgeatcagattggetattggecattgeatacgttgtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagece
atatatggagttccgegtiacataacttacggtaaatggeccgectggetgaccgeccaacgacceccgeccattgacgtcaataatgacgtatgt
tcccatagtaacgccaatagggactttccatigacgtcaatgggtggagtatttacggtaaactgeccacttggcagtacatcaagtgtatcatat
gccaagtacgceccctattgacgtcaatgacggtaaatggeccgectggeattatgeccagtacatgaccttatgggactttectacttggeagta
catctacgtattagtcatcgctattaccatggtgatgeggtitiggcagtacatcaatgggegtggatageggtitgactcacggggatttccaagt
ctccaccccattgacgtcaatgggagttigtittggcaccaaaatcaacgggactttccaaaatgticgtaacaacteecgecccattgacgeaaatg
ggcggtaggcegtgtacggtggegaggtctatataageagagetegtttagtgaaccgtcagatcgectggagacgecatccacgetgttttgacct
ccatagaagacaccgggaccgatccagectccatcggetegeatctctecttcacgegecegecgecctacctgaggecgecatccacgecggtt
gagtcgcegttctgecgectcecegectgtggtgectectgaactgegtecgecgtctaggtaagtttaaagetcaggtegagaccgggectttgteeg
gegcteccttggagectacctagactcagecggetctccacgetttgectgacectgettgetcaactctagttaacggtggagggcagtgtagtct
gagcagtactcgttgetgecgegegegecaccagacataatagetgacagactaacagactgticctitccatgggtcttttctgeagtcaccgtc
gtcgacacgtgtgatcagatatcgeggecgctctagagatategecaccatgaagaccatcatcgeectgagetacatettetgectggeectggg
ccaggacctgeccggeaacgacaacagcaccgecaccectgtgectgggecaccacgecgigeccaacggeaccetggtgaagaccatcaccga
cgaccagatcgaggtgaccaacgccaccgagetgggeteeggectgaagetggecaccggeatgeggaacgtgeccgagaagcagacccggs
geetgticggegecategecggcettcategagaacggetgggagggeatgatcgacggetggtacggcttccggeaccagaacagegagggca
ccggecaggecgecgacctgaagageacccaggecgecatcgaccagatcaacggcaagetgaaccggetgatcgagaagaceggeggegat
cccgagtgggaccgggagatcaacaactacaccagceatcatctacagectgatcgaggagagecagaaccagcaggagaacggeaccggcg
gcggeageggcatcgtgcagcagcagaacaacctgetgegggccatcgaggeccageageacctgetgeagetgaccgtgtggggcatcaage
agctgcagagctacaacgecgagetgetggtggecctggagaaccageacaccatcgacctgaccgacagegagatgaacaagetgttcgaga
agacccggeggcagetgcgggagaacgecgaggacatgggcaacggctgcticaagatctaccacaagtgegacaacgecetgeategagage
atccggaacggeacctacgaccacgacgtgtaccgggacgaggecctgaacaaccggttccagatcaagggeteeggaggegacatceatcaa
gctgctgaacgageaggtgaacaaggagatgcagagcageaacctgtacatgageatgageagetggtgetacacccacagectggacggeg
ccggectgttectgttecgaccacgecgecgaggagtacgagcacgecaagaagcetgatcatcttcctgaacgagaacaacgtgeccgtgeagcet
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gaccagcatcagegecceccgagcacaagttcgagggectgacccagatcttccagaaggectacgagcacgageageacatcagegagagea
tcaacaacatcgtggaccacgecatcaagagcaaggaccacgecaccticaacttcctgeagiggtacgtggecgageageacgaggaggags
tgctgttcaaggacatcctggacaagatcgagetgatcggcaacgagaaccacggectgtacctggecgaccagtacgtgaagggeategeca
agagcaggaagagcggatcctageatcatcatcatcatcattagtctgaagggegaattgatccagetgtgecttctagtigecagecatetgttg
tttgececteccecgtgecttecttgacectggaaggtgecacteccactgtectticctaataaaatgaggaaattgeategeattgtctgagtagg
tgtcattctattctgggeegtegggtggggcaggacagcaagggggaggatigggaagacaatageaggeatgetggggatgeggtggacict
atgggtacccaggtgctgaagaattgacceggticetectgggecagaaagaageaggceacateeccttetetgtgacacaccctgtecacgece
ctggticttagttccagecccactcataggacactcatagetcaggagggetccgecttcaatcccaccegetaaagtacttggageggtetetece
tccctcatcageeccaccaaaccaaacctagectccaagagtgggaagaaattaaagcaagataggetattaagtgcagagggagagaaaatg
cctccaacatgtgaggaagtaatgagagaaatcatagaattttaaggcecatgatttaaggccatcatggecttaatcticegettectegetcact
gactcgctgegeteggtegticggetgeggegageggtatcagetcactcaaaggeggtaatacggitatccacagaatcaggggataacgcag
gaaagaacatgtgagcaaaaggccagcaaaaggecaggaaccgtaaaaaggecgegtigetggegtitticcataggetecgecccectgacg
agcatcacaaaaatcgacgctcaagtcagaggtggegaaacccgacaggactataaagataccaggegtitccccctggaagetcectegige
gcetetectgttecgaccetgecgettaccggataccetgtecgectticteecttcgggaagegtggegcetitctcatagetcacgetgtaggtatcte
agttcggtgtaggtegttegetccaagetgggetgtgtgeacgaacceccegticageccgaccgetgegecttatccggtaactategtcettgagt
ccaacccggtaagacacgacttatcgccactggcagcagecactggtaacaggattagcagagegaggtatgtaggeggtgctacagagtictt
gaagtggtggcectaactacggetacactagaagaacagtatttggtatctgegetctgetgaagecagttaccttcggaaaaagagtiggtaget
cttgatccggcaaacaaaccaccgetggtageggtggtitttitgtitgcaageageagattacgegcagaaaaaaaggatctcaagaagatect
ttgatcttttctacggggtctgacgetcagtggaacgaaaactcacgttaagggatttiggtcatgagattatcanaaaggaicttcacctagate
cttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatct
cagcgatctgtctatttcgttcatccatagtigectgactcggggeggggggggcgcetgaggtetgectcgtgaagaaggtgttgetgacteatace
aggcctgaatcgecccatcatccageccagaaagtgagggagecacggttgatgagagettigttgtaggtggaccagttggtgatttigaactttt
getttgecacggaacggtctgegtigtcgggaagatgegtgatctgatecttcaactcageaaaagticgatttattcaacaaagecgecgtcecg
tcaagtcagcgtaatgctetgecagtgttacaaccaattaaccaattctgattagaaaaactcatcgageatcaaatgaaactgcaatttatteat
atcaggattatcaataccatatttttgaaaaagccgttictgtaatgaaggagaaaactcaccgaggcagticcataggatggcaagatcctggt
atcggtctgegattccgactcgtccaacatcaatacaacctattaatttccectcgtcaaaaataaggttatcaagtgagaaatcaccatgagtga
cgactgaatccggtgagaatggcaaaagcttatgeatttctttccagactigttcaacaggecagecattacgetcgtcatcaaaatcactegeat
caaccaaaccgttattcattcgtgattgegectgagegagacgaaatacgegategetgttaaaaggacaattacaaacaggaatcgaatgcaa
ccggegeaggaacactgcecagegcatcaacaatattttcacctgaatcaggatattcttctaatacctggaatgcetgttttceceggggategeagt
ggtgagtaaccatgcatcatcaggagtacggataaaatgcttgatggtcggaagaggeataaatteccgtcagecagtttagtctgaccatcteat
ctgtaacatcattggcaacgctacctttgecatgtttcagaaacaactetggegeategggettcccatacaatcgatagattgtegeacctgattg
cccgacattatcgegagceccatttatacccatataaatcageatccatgttggaatttaatcgeggectecgagcaagacgtttccegtigaatatg
gctcataacaccccttgtattacigtttatgtaagcagacagttttattgticatgatgatatatttttatctigtgcaatgtaacatcagagattttga
gacacaacgtggctttcceeccecceccattattgaageatttatcagggttattgtctcatgageggatacatatttgaatgtatitagaaaaata
aacaaataggggttccgegeacatttccccgaaaagtgecacctgacgictaagaaaccattattatcatgacattaacctataaaaataggegt
atcacgaggccctttcgtc
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CMV/R 8kb Influenza A/New Caledonia/20/99 foldon-his AY289929

Kan._

§ HTLV-1 R Region/Splicing Donor
._____CMV IE Splicing Acceptor
H5 INDO SS/Gen4.55/Ferr '

5789bp

H5 Indo SS/Gend.55/ferritin - (SEQ ID NQ:158)
tcgegegttteggtgatgacggtgaaaacctctgacacatgeagetcccggagacggtcacagettgtctgtaageggatgecgggagceagaca
agccecgtcagggegegtcagegggtgttggegggtgteggggetggcttaactatgeggeatcagageagattgtactgagagtgeaccatatg
cggtgtgaaataccgcacagatgegtaaggagaaaataccgcatcagatiggetatiggecattigeatacgtigtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgttgacattgattattgactagttattaatagtaatcaattacgggaacttccatageccatat
atggagttccgegttacataacttacgggaatttccaaacctggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgticee
atagtaacgccaatagggaacttccattgacgtcaatgggtggagtatttacggtaaactgeccacttgggaatticcaagtgtatcatatgecaa
‘ gtacgccccctattgacgtcaatgacgggaacttccataagettgeattatgeccagtacatgaccttatgggaatticctacttggeagtacatcet
acgtattagtcatcgctattaccatggtgatgeggttttggcagtacatcaatgggcgiggatageggtitgactcacgggaacttccaagtcetee
accccattgacgtcaatgggagtitgtittgactcaccaaaatcaacgggaattcccaaaatgtcgtaacaactcegecccattgacgcaaatgg
geggtaggegtgtacggtgggaggtctatataageagagetcgtitagtgaaccgtcagatcgectggagacgecatccacgetgttttgaccte
catagaagacaccgggaccgatccagectccatcggetcgeatctctecttcacgegeeccgecgecctacctgaggecgecatccacgeeggtig
agtcgegttctgeegecteeegectgtggtgectectgaactgegteegeegtctaggtaagtitaaagetcaggtegagacegggectttgteegg
cgcteccttggagectacctagactcagecggetcetccacgettigectgaccetgettgetcaactctagttaacggtggagggcagtgtagtetg
agcagtactcgttgctgeecgegegegecaccagacataatagetgacagactaacagactgttectitccatgggtettttctgeagtcaccgtegt
cgacacgtgtgatcagatatcgeggecgetctagagatatcgccaccatggagaagategtgetgetgetggecategtgagectggtgaagag
cgaccagatctgcatcggctaccacgccaacaacagcaccgagcaggtggacaccatcatggagaagaacgtigaccgtgacccacgeccagg
acatcggcteeggectggtgetggecaccggectgeggaacageccccagegggagagecggcggaagaageggggcecetgiteggegecateg
ccggettcatcgagggeggcetggeagggeatggtggacggetggtacggetaccaccacagcaacgageagggcageggctacgeegecgac
aaggagagcacccagaaggccatcgacggegtgaccaacaaggtgaacageatcatcgacaagatgggeggegatecegagigggaccggs
agatcaacaactacaccagcatcatctacagectgatcgaggagagecagaaccagcaggagaacggcaccggcggeggeageggeategtyg
cagcagcagaacaacctgctgegggecatcgaggeccagcageacctgetgeagetgaccgtgtggegeatcaagcagetgeagacctacaac
gccgagetgetggtgetgatggagaacgageggaccetggacticcacgacagcaacgtgaagaaccigtacgacaaggtgeggetgeagetg
cgggacaacgccaaggagetgggcaacggctgettcgagttctaccacaagtgegacaacgagtgeatggagageatecggaacggeaccta
caactacccccagtacagcgaggaggeccggctgaagegggaggagatcagetccggaggegacatcatcaagetgetgaacgagceaggtga
acaaggagatgcagagcagcaacctgtacatgagcatgagcagetggtgctacacccacagectggacggegecggectgttectgttcgacca
cgeegecgaggagtacgagceacgccaagaagctgatcatcttectgaacgagaacaacgtgeecgtgeagetgaccagceatcagegeececga
gcacaagttcgagggcctgacccagatcttccagaaggectacgagcacgagcagcacatcagegagageatcaacaacatcgtggaccacg
ccatcaagagcaaggaccacgccaccttcaacttcctgcagtggtacgtggecgagcageacgaggaggaggtgeigticaaggacatectgg
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acaagatcgagctgatcggcaacgagaaccacggectgtacctggecgaccagtacgtgaagggeatcgecaagagcaggaagageggatee
tagcatcatcatcatcatcattagtctgaagggegaattgatccagetgtgectictagttgecagecatetgtigtttgecectceccegtgecttee
ttgaccctggaaggtgecactcecactgtectttcctaataaaatgaggaaatigcategeattgtctgagtaggtgtcattctatictggggggte
ggetgpegcaggacagcaagggggaggattgggaagacaatageaggeatgetggggatgeggtgggctctatgggtacccaggtgetgaag
aattgacccggticctectgggccagaaagaagcaggcacatececttetetgtgacacaccetgtccacgeccectggttcttagticcageccca
ctcataggacactcatagctcaggagggctccgecttcaatcccacccgcetaaagtacttggageggtctctecctecctecatcageccaccaaac
caaacctagcctccaagagtgggaagaaattaaagcaagataggctattaagtgcagagggagagaaaatgcctccaacatgtgaggaagta
atgagagaaatcatagaattttaaggccatgatttaaggccatcatggecttaatcttecgettecicgetcactgactegetgegeteggtegttc
ggctgeggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgageaaaa
geccagcaaaaggecaggaaccgtaaaaaggeegegttgetggegtitttccataggetecgeccccctgacgageatcacaaaaatcgacget
caagtcagaggtggcgaaacccgacaggactataaagataccaggegtttcecectggaageteectegtgegetetectgttccgacectgeeg
cttaccggatacctgtccgectticteccttcgggaagegtggegctttctcatagetcacgetgtaggtatetcagtteggtgtaggtegttegetee
aagctgggctgtgtgcacgaaccececcgttcagecegaccgetgegecttatecggtaactategtcttgagteccaacceggtaagacacgactt
atcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggeggtgctacagagttcttgaagtggtggcctaactacgge
tacactagaagaacagtatttggtatctgegctctgetgaagecagttaccticggaaaaagagttggtagetcttgatccggecaaacaaaccac
cgctggtageggtggttttitigtitgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctttictacggggtciga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttitaaattaanaatgaagttt
taaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatetgtctatttegttcat
ccatagttgectgactcgggggegggeggegctgaggtetgectcgtgaagaaggtgttgetgactcataccaggectgaategecccateatec
agccagaaagtgagggagecacggtigatgagagettigttgtaggtggaccagttggtgattttgaacttttgetttgccacggaacggtetgeg
ttgtcgggaagatgegtgatetgatecttcaactcageaaaagticgatttattcaacaaagecgecgteecgtcaagtcagegtaatgetctgec
agtgttacaaccaattaaccaatictgattagaaaaactcatcgagcatcaaatgaaactgcaatttaticatatcaggattatcaataccatatt
tttgaaaaagccgtitcigtaatgaaggagaaaactcaccgaggcagttccataggatggcaagatectggtateggtetgegattcecgactegt
ccaacatcaatacaacctattaatttcccctegtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatecggtgagaatgg
caaaagcttatgcatttctitccagacttgttcaacaggccagecattacgetegtcatcaaaatcactcgeatcaaccaaaccgttattcattegt
gattgcgcectgagegagacgaaatacgegategetgttanaaggacaattacaaacaggaatcgaatgcaaccggegeaggaacactgecag
cgcatcaacaatattttcacctgaatcaggatattcttctaatacctggaatgetgttttcccggggategeagtggtgagtaaccatgeatceatcea
ggagtacggataaaatgcttgatggtcggaagaggcataaattecgtcagecagtttagtctgaccatctcatetgtaacatcattggeaacget
acctttgccatgtttcagaaacaactctggegeatcgggeticccatacaatcgatagattgtcgeacctgattgeeccgacattategegageccat
ttatacccatataaatcagcatccatgtiggaatttaatcgeggcctcgageaagacgtttcccgttgaatatggcetcataacaccecttgtattac
tgtttatgtaagcagacagttttatigttcatgatgatatatitttatcttgtgcaatgtaacatcagagattttgagacacaacgtggctttcecece
cccecccattattgaagcatttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegea
catttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcegtatcacgaggecctttegte
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CMV8x/R-H1NC 554.55(517) SGG egm

Kan.

HTLV-1 R Region/Splicing Donor

. __ . CMV IE Splicing Acceptor
B Bris SS/Gen4.55/Ferritin e

5783bp

B Bris 8S/Gen4.55/ferritin

B Bris SS/Gen4.55/ferritin  (SEQ ID NO:159)
tcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagéca
agccecgtcagggegegtcagegggtgttggegggtgteggggetggettaactatgeggcatcagageagattgtactgagagtgcaccatatg
cggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcagattggcetattggecattgeatacgttgtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgccatgttgacattgattattgactagttattaatagtaatcaattacgggaacttccatageccatat
atggagttccgegttacataacttacgggaatttccaaacctggetgaccgeccaacgacccccgeccatigacgtcaataatgacgtatgticee
atagtaacgccaatagggaacttccattgacgtcaatgggtggagtatttacggtaaactgeccacttgggaatttccaagtgtateatatgecaa
gtacgccecctattgacgtcaatgacgggaacttccataagettgeattatgeccagtacatgaccttatgggaatttcctacttggeagtacatcet
acgtattagtcatcgctattaccatggtgatgeggtitiggcagtacatcaatgggegtggatageggtitgactcacgggaacttccaagtetec
accccattgacgtcaatgggagttigttitgactcaccaaaatcaacgggaattcccaaaatgtcgtaacaactccgeeccattgacgeaaatgg
geggtaggegtgtacggtgggaggtctatataageagagcetegtttagtgaaccgicagatcgectggagacgecatccacgetgttttgacctic
catagaagacaccgggaccgatccagectceateggetegeatctctecticacgegeececgecgeectacctgaggecgecatccacgeeggttg
agtcgegttctgeegecteecgectgtggtigectectgaactgegtecgecgtctaggtaagtttaaagetcaggtegagacegggecttigteegg
cgctecctiggagectacctagactcagecggctctecacgetitgectgacectgettgetcaactctagttaacggtggagegeagtgtagtetg
agcagtactcgttgctgcegegegegecaccagacataatagetgacagactaacagactgttectticcatgggtcttitctgeagtcacegtegt
cgacacgtgtgatcagatatcgeggecgcetctagagatatcgecaccatgaaggecatcatcgtgetgetgatggtggtcacaageaacgecga
tagaatctgtaccggcatcaccagcagcaatagecctcacgtcgtgaaaacagctacacagggegaagtgaatgtgaccggegtgatecctetg
ggatcaggactgaagctggcecaatggcacaaagtatagacctccagecaagetgetgaaagagagaggcttttttggagetategeeggetttct
ggaaggcggatgggagggaatgatigetggatggeatggetacacatetcatggegeacatggegtggeagtggetgetgatctgaaatctaca
caggaagccatcaacaagatcaccaagaacctgaacagcctgagegagetggaaggaggegacceccgagigggatcgegaaatcaacaact
acacatctatcatctacagtctgatigaggaaagccagaaccagcaggagaatgggactgggggaggcteecggaategtgeageageagaac
aatctgctgegagcecatigaagcetcageagcacctgetgeagetgacagtgtiggggcatcaageageigcaggggagecagattgaactggetg
tgctgetgtctaacgagggcatcatcaatagegaggacgaacatctgetggecctggaaagaaagetgaagaagatgetgggacctagegeeg
tggaaatcggcaatggatgctitgagacaaagcacaagtgcaaccagacctgectggatagaattgecgeecggaacattigatgeeggegagtt
ttctetgeccaccttcgatagectgaatatcacatccggaggegacatcatcaagetgetgaacgageaggtgaacaaggagatgeagageage
aacctgtacatgagcatgagcagctggtgctacacccacagectggacggegeeggeetgticctgttcgaccacgecgecgaggagtacgage
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acgccaagaagctgatcatcticctgaacgagaacaacgtgeccgtgcagetgaccageatcagegeececcgagcacaagticgagggectga
cccagatcttccagaaggectacgageacgageageacatcagegagagceatcaacaacategtggaccacgecatcaagagcaaggaccac
gccaccttcaacttectgeagtggtacgtggeegageageacgaggaggaggtgetgticaaggacatectggacaagatcegagetgateggea
acgagaaccacggectgtacctggecgaccagtacgtgaagggeatcgecaagageaggaagageggatcectagtageateatcatcatcate
attagtctgaagggcgaattgatccagetgtgecttctagttgecagecatetgttgtttgeccctececegtgecttecttgacectggaaggtgee
actcccactgtectttcctaataaaatgaggaaattgecatcgeattgtctgagtaggtgtcattctattctggggggtggggtegegraggacage
aaggegegaggattgggaagacaatagcaggcatgctggggatgegetggegctctatgggtacccaggtgetgaagaattgacceggttectect
gegccagaaagaagcaggcacatccccttetctgtgacacaccctgtccacgeccctggttcttagticcagecccactcataggacactcatag
ctcaggagggctcecgecttcaatcccacccgetaaagtactiggageggtetetccctecctecatcageccaccaaaccaaacctagectccaag
agtgggaagaaattaaagcaagataggctattaagtgcagagggagagaaaatgectccaacatgtgaggaagtaatgagagaaatcatag
aattttaaggccatgatttaaggccatcatggecttaatcettecgettectegetcactgactegetgegeteggtegttcggetgeggegagegst
atcagctcactcaaaggceggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggeca
ggaaccgtaaaaaggccgegitgetggegttittccataggetecgeccccctgacgageatcacaaaaatcgacgetcaagtcagaggtggcg
aaacccgacaggactataaagataccaggegtitceceectggaageteectegtgegetctectgttcegacectgecgcettaccggataccetgte
cgectttcteecttegggaagegtggegetttcteatagetcacgetgtaggtatcetcagticggtgtaggtegttcgetecaagetgggetgtgtge
acgaaccccccgttcagecegaccgetgegecttatccggtaactategtettgagtccaacccggtaagacacgacttategecactggeagea
gecactggtaacaggattagcagagcgaggtatgtaggegstgctacagagticttgaagtggtggectaactacggetacactagaagaacag
tatttggtatctgegetctgetgaagecagttaccticggaaaaagagttggtagetettgatccggecaaacaaaccaccgetggtageggtggtt
titttgtttgcaagcageagattacgcgcagaaaaaaaggatctcaagaagatcectttgatctttictacggggtctgacgetcagiggaacgaa
aactcacgttaagggattitggicatgagattatcaaaaaggatcticacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagta
tatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttcgticatccatagttgectgactc
EEEEEEEEB8ECcectgaggtctgectegtgaagaaggtgtigetgactcataccaggectgaatcgecccatcatccagecagaaagtgagg
gapgccacggttgatgagagcetttgtigtaggtggaccagttggtgattttgaacttttgetttgeccacggaacggtcetgegttgtegggaagatgeg
tgatctgatccttcaactcagcaaaagttcgatttattcaacaaagecgecgteccgtcaagtcagegtaatgetetgecagigttacaaccaatt
aaccaattctgattagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggattatcaataccatattittgaaaaagecgtit
ctgtaatgaaggagaaaactcaccgaggcagticcataggatggecaagatcctggtateggtetgegattecgactegtecaacatcaatacaa
cctattaatttcccctcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatecggtgagaatggeaaaagcttatgeat
tictttccagacttgttcaacaggccagccattacgcetegtcatcaaaatcactegeatcaaccaaaccgttatteattegtgattgegectgageg
agacgaaatacgcegatcgcetgttaaaaggacaattacaaacaggaatcgaatgcaaccggegeaggaacactgecagegeatcaacaatattt
tcacctgaatcaggatattcttctaatacctggaatgetgtiticccggggatcgeagtggtgagtaaccatgeatcatcaggagtacggataaaa
tgcttgatggtcggaagaggcataaattccgtcagecagtttagtctgaccatetcatetgtaacatcattggcaacgetacctttgecatgtitea
gaaacaactctggcgcatcgggcttcccatacaatcgatagattgtcgeacctgattgeccgacattategegageccatttatacccatataaat
cagcatccatgttggaatttaatcgcggcectcgagcaagacgtttccegttgaatatggctcataacaccecttgtattactgtttatgtaageaga
cagttttattgticatgatgatatatttttatcttgtgcaatgtaacatcagagattttgagacacaacgtggcetttccccecceccccattattgaag
catttatcagggttattgtctcatgagcggatacatatttgaatgtatitagaaaaataaacaaataggggttccgegeacatttccccgaaaagt
gceacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggcecectitegte

Fig. 43-2
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CMV8x/R-HINC SS4.55(517) SGG egm

Kan. CMV IE Enhancer/Promoter 8kb

: HTLV-1 R Region/Splicing Donor
. . CMV IE Splicing Acceptor
B FL S5/Gen4.55/Ferritin

5783bp

~ B FL $S/Gen4.55/ferritin

B FL SS/Gen4.55/ferritin  (SEQ ID NO:160)
tcgegegtitcggtgatgacggtgaaaacctctgacacatgeageteccggagacggtcacagettgtetgtaageggatgecgggageagaca
agcccgtcagggegegtcagegggtgtiggegggtgteggggetggettaactatgeggeatcagageagattgtactgagagtgeaccatatg
cgglgtgaaataccgracagatgegtaaggagaaaataccgeatcagattggetattggecattgeatacgtigtatccatatcataatatgtac
atttatattggctcatgtccaacattaccgecatgtigacatigattattgactagttattaatagtaatcaattacgggaacttccatageccatat
atggagttccgcgtiacataacttacgggaatttccaaacctggetgaccgeccaacgacceceegeccattgacgtcaataatgacgtatgttecc
atagtaacgccaatagggaacttccattgacgtcaatgggtggagtatttacggtaaactgeccacttgggaatttccaagtgtateatatgecaa
glacgccccctatigacgtcaatgacgggaacttccataagctigeattatgeccagtacatgaccttatgggaatttoctacttggeagtacatct
acgtattagtcatcgctattaccatggtgatgcggtttiggeagtacatcaatgggegtggatageggtttgactcacgggaacttccaagtcetee
accccattgacgtcaatgggagtttgtittgactcaccaaaatcaacgggaattcccaaaatgtegtaacaactecgecccattgacgcaaatgg
gcggtaggegtgtacggtgggaggtctatataagcagagetcgtttagtgaaccgtcagatcgectggagacgecatecacgetgttitgaccte
catagaagacaccgggaccgatccagectccateggetegeatetetectteacgegeecgecgeectacctgaggecgecatecacgeeggtig
agtegegttetgeegecteecgectgtggtgectectgaactgegteegeegtctaggtaagtttaaagetcaggtegagaccgggectttgtecgg
cgcteecttggagectacctagactcagecggctctecacgetttgectgaccetgettgetcaactctagttaacggtggagggeagtgtagtetg
agcagtactcgttgctgecgegegegecaccagacataatagetgacagactaacagactgttectttccatgggtettitctgeagtcaccgtegt
cgacacgigtgatcagatatcgeggecgctctagagatategecaccatgaaggecatcategtgetgetgatggtggtgaccageaacgeegat
agaatctgcaccggcatcaccagcagcaatagececccatgtggtgaaaacagecacccagggegaagtgaatgtgacaggegtgatecctctg
ggatcaggactgaagctggccaatggeaccaagtacagacctcccgecaagetgetgaaagagagaggcttetttggegecattgeeggatttc
tggaaggcggctggpapggaatgattgecggetggeacggctatacatcteatggggeccatggegtggetgtggecgecgatctgaagtctac
ccaggaagccatcaacaagatcaccaagaacctgaacagectgagegagetggaaggaggegaccccgagtgggategegaaatcaacaac
tacacatctatcatctacagtcigattgaggaaagccagaaccagcaggagaatgggactgggggaggctceggaategtgeageageagaac
aatctgclgegagccattgaagctcageageacctgetgeagetgacagtgtggggeatcaageagetgeaggggteccagattgaactggeeg
tgctgctgtccaacgagggcatcatcaacagegaggatgaacacctgetggeectggaacggaagetgaagaagatgetggecccttctgecgt
ggagatcggcaacggctgcticgagacaaagcacaagtgcaaccagacctgectggatagaategeegetggeaccticaatgecggegagtt
cagcctgectaccttcgacagectgaatatcacctecggaggegacatcatcaagetgetgaacgagcaggtgaacaaggagatgcagageag
caacctgtacatgagcatgagcagcetggtgctacacccacagectggacggegeeggectgttectgticgaccacgeecgecgaggagtacgag
cacgccaagaagcigatcaicttcctgaacgagaacaacgtgecegtgeagetgaccageatcagegeccccgageacaagttcgagggectg

Fig. 44-1



U.S. Patent Sep. 13,2016 Sheet 87 of 87 US 9,441,019 B2

acccagatcttccagaaggectacgagecacgageagcacatcagegagagcatcaacaacatcgtggaccacgccatcaagagcaaggacca
cgecaccttcaacttectgeagtggtacgtggecgageageacgaggaggaggtgetgttcaaggacatcctggacaagatcgagetgategge
aacgagaaccacggcctgtacctggeegaccagtacgtgaagggceatcgecaagageaggaagageggatcctagtageatcatcatcatcat
cattagtctgaagggcgaattgatccagetgtgecttctagtigecagecatctgtigtitgecectecceegtgecttectigaccctggaaggtge
cactcccactgtcctticctaataaaatgaggaaattgcatcgeattgtctgagtaggtgtcattctatictggggggtegegtggggcaggacag
caagggeggaggattgggaagacaatagcaggcatgetggggatgeggtgpgctctatgggtacccaggtgetgaagaattgacceggticctc
ctgggccagaaagaagcaggceacatccccttctetgtgacacaccctgtecacgecectggticttagttccagecccactcataggacactcata
gctcaggagggctecgecttcaateccaccegetaaagtacttggageggtcteteecticectecatcageccaccaaaccaaacctagectceaa
gagtgggaagaaattanagcaagataggctattaagtgragagggagagaaaatgectccaacatgtgaggaagtaatgagagaaatcatag
aattttaaggccatgatttaaggcecatcatggecttaatcttccgettcctegeteactgactegetgegeteggtegttcggetgeggegageggt
atcagctcactcaaaggeggtaatacggtiatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecagcaaaaggeca
ggaaccgtaaaaaggccgegttgetggegtitttccataggetecegeccecctgacgagceatcacaaaaatcgacgetcaagtcagaggtggcs
aaacccgacaggactataaagataccaggcegtttcceectggaagetcectegtgegetctectgttccgaccctgecgettaccggatacctgte
cgecttteteccttcgggaagegtggegetttctcatagetcacgetgtaggtatctcagticggtgtaggtegticgetccaagetgggetgtgtgc
acgaaccccccgttcageccgaccgetgegecttatceggtaactategtettgagtccaacceggtaagacacgacttategecactggeagea
gccactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttgaagtggtggectaactacggetacactagaagaacag
tatttggtatctgegetetgetgaagecagttacctticggaaaaagagttggtagetcettgatccggeaaacaaaccaccgetggtageggtggtt
ttitigtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatectttgatcttttctacggggtctgacgctcagtggaacgaa
aactcacgttaagggattttggtcatgagattatcaaaaaggatcticacctagatcctittaaattaaaaatgaagttttaaatcaatctaaagta
tatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtetatttcgticatecatagttgectgactc
gggggegeegacgctgagetctgectcgtgaagaaggtgttgctgactcataccaggectgaategecccatcatccagecagaaagtgagg
gagccacggttgatgagagcetttgtigtaggtggaccagttggtgattttgaactttigettigeccacggaacggtctgegtigtcgggaagatgeg
tgatctgatccttcaactcagcaaaagttcgatitattcaacaaagecgecgtecegtcaagtcagegtaatgetetgecagtgttacaaccaatt
aaccaattctgattagaaaaactcatcgagcatcaaatgaaactgcaatttattcatatcaggattatcaataccatatttttgaaaaagcecgttt
ctgtaatgaaggagaaaactcaccgaggcagttccataggatggcaagatcctggtateggtctgegattecgactegtecaacatcaatacaa
cctattaatttccectcgtcaaaaataaggttatcaagtgagaaatcaccatgagtgacgactgaatecggtgagaatggeaaaagettatgeat
ttctttccagacttgticaacaggccagecattacgetegtcatcaaaatcactcgeatcaaccaaaccgttatteattegtgattgegectgageg
agacgaaatacgcgatcgctgttaaaaggacaattacaaacaggaatcgaatgcaaccggegeaggaacactgecagegeatcaacaatattt
tcacctgaatcaggatattctictaatacctggaatgetgttttcceggggategeagtggtgagtaaccatgeatcatcaggagtacggataaaa
tgcttgatggtcggaagaggcataaattccgtcagecagtitagtctgaccatctcatetgtaacatcatiggeaacgcetacctttgecatgtttca
gaaacaactctggcgcratcgggcitcccatacaatecgatagattgtcgeacctgattgeccgacattatcgegageccatttatacccatataaat
cagcatccatgttggaatttaatcgeggectcgageaagacgtttcccgttgaatatggetcataacaceecttgtattactgtttatgtaageaga
cagttttattgticatgatgatatatttttatcttgtgcaatgtaacatcagagattitgagacacaacgtggctttececceccecccattattgaag
catttatcagggttattgtctcatgageggatacatatttgaatgtatttagaaaaataaacaaataggggttcegegceacatttccccgaaaagt
gcecacctgacgictaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggecctitegte

Fig. 44-2
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INFLUENZA HEMAGGLUTININ
PROTEIN-BASED VACCINES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. 371 and claims the benefit of PCT Application No.
PCT/US2012/056822 having an international filing date of
Sep. 24, 2012, which designated the United States, which
PCT application claimed the benefit of U.S. Provisional
Application No. 61/538,663 filed Sep. 23, 2011, and U.S.
Provisional Application No. 61/661,209 filed Jun. 18, 2012,
the disclosure of each of which are incorporated herein by
reference.

REFERENCE TO SEQUENCE LISTING

This application contains a Sequence Listing submitted as
an electronic text file named “6137NIAID-26-Cl1-
PCT_sequence_listing_ST25.txt”, having a size in bytes of
338 KB, and created on Sep. 21, 2012. The information
contained in this electronic file is hereby incorporated by
reference in its entirety pursuant to 37 CFR §1.52(e)(5).

SUMMARY OF THE INVENTION

The present invention provides novel hemagglutinin pro-
tein-based influenza vaccines that are easily manufactured,
potent, and which elicit broadly neutralizing influenza anti-
bodies. In particular, the present invention provides influ-
enza hemagglutinin proteins, and portions thereof, that are
useful in inducing the production of neutralizing antibodies.
It also provides novel HA-ferritin nanoparticle (np) vac-
cines. Such nanoparticles comprise fusion proteins, each of
which comprises a monomeric subunit of ferritin joined to
an immunogenic portion of an influenza hemagglutinin
protein. Because such nanoparticles display influenza
hemagglutinin protein on their surface, they can be used to
vaccinate an individual against influenza virus.

In one embodiment, the invention is a nanoparticle that
comprises a fusion protein, and in this embodiment the
fusion protein comprises at least 25 contiguous amino acids
from a monomeric ferritin subunit protein joined to a first
influenza hemagglutinin (HA) protein, such that the nano-
particle comprises influenza virus HA protein trimers on its
surface. The nanoparticle can form an octahedron, which
can consist of 24 subunits having 432 symmetry. Further, the
monomeric ferritin subunit protein can be selected from a
bacterial ferritin, a plant ferritin, an algal ferritin, an insect
ferritin, a fungal ferritin and a mammalian ferritin, and in a
preferred embodiment, is a Helicobacter pylori ferritin pro-
tein.

In this embodiment, the monomeric ferritin subunit pro-
tein can comprise at least 25 contiguous amino acids of an
amino acid sequence selected from SEQ ID NO:2 and SEQ
ID NO:5 or can comprise an amino acid at least about 80%
identical, at least about 85% identical, at least about 90%
identical, at least about 95% identical, at least about 97%
identical, at least about 99% identical to those sequences or
can comprise those sequences. In another embodiment, the
monomeric subunit comprises a region corresponding to
amino acids 5-167 of SEQ ID NO:2.

In this embodiment, the hemagglutinin protein can com-
prise at least 25 contiguous amino acids from the hemag-
glutinin protein of an influenza virus selected from A/New
Caledonia/20/1999 (1999 NC, H1), A/California/04/2009
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(2009 CA, HI1), A/Singapore/1/1957 (1957 Sing, H2),
A/Hong Kong/1/1968 (1968 HK, H3), A/Brisbane/10/2007
(2007 Bris, H3), A/Indonesia/05/2005 (2005 Indo, HS),
B/Florida/4/2006 (2006 Flo, B), A/Perth/16/2009 (2009 Per,
H3), A/Brisbane/59/2007 (2007 Bris, H1), B/Brisbane/60/
2008 (2008 Bris, B). Also, the hemagglutinin protein can
comprise an amino acid sequence that is selected from the
amino acid sequences of SEQ ID NO:8, SEQ ID NO:11,
SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ 1D
NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ ID NO:32,
SEQ ID NO:35, and SEQ ID NO:38 or one that is at least
80% identical, at least about 85% identical, at least about
90% identical, at least about 95% identical, at least about
97% identical, at least about 99% identical thereto. Alter-
natively, the hemagglutinin protein can comprise an amino
acid sequence that is selected from the amino acid sequences
of SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID N0:92, SEQ ID NO:95 and SEQ ID NO:98 or one
that is at least 80% identical, at least about 85% identical, at
least about 90% identical, at least about 95% identical, at
least about 97% identical, at least about 99% identical
thereto.

In this embodiment, the hemagglutinin protein can be
capable of eliciting an immune response to a protein com-
prising an amino acid sequence selected from SEQ ID NO:8,
SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ 1D
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29,
SEQ ID NO:32, SEQ ID NO:35, and SEQ ID NO:38 or it
can comprise a region selected from a region capable of
allowing formation of a hemagglutinin trimer, a stem region,
an ectodomain, and a region comprising the amino acid
sequence from the amino acid residue immediately distal to
the last amino acid of the second helical coiled coil to the
amino acid residue proximal to the first amino acid of the
transmembrane domain.

The hemagglutinin protein can also comprise a hemag-
glutinin spike domain, a region corresponding to amino
acids 1-519 of SEQ ID NO:8 or an amino acid sequence
selected from the group consisting of amino acids 1-519 of
SEQ ID NO:8 and SEQ ID NO:11.

In this embodiment, the fusion protein can comprise a
linker sequence.

In this embodiment, the nanoparticle can elicit an immune
response against a stem region of influenza hemagglutinin,
a spike of influenza hemagglutinin, an influenza virus strain
that is heterologous to the strain influenza virus from which
the hemagglutinin protein was obtained or an influenza virus
that is antigenically divergent from the influenza virus from
which the hemagglutinin protein was obtained.

In this embodiment, the fusion protein can comprise an
amino acid sequence at least about 80% identical, at least
about 85% identical, at least about 90% identical, at least
about 95% identical, at least about 97% identical, at least
about 99% identical to a sequence selected from the group
consisting of SEQ ID NO:41, SEQ ID NO:44, SEQ ID
NO:47, SEQ ID NO:50, SEQ ID NO:53, SEQ ID NO:56,
SEQ ID NO:59, SEQ ID NO:62, SEQ ID NO:65, and SEQ
ID NO:68, wherein the nanoparticle elicits an immune
response against an influenza virus or can comprise an
amino acid sequence selected from the group consisting of
SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ 1D
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59,
SEQ ID NO:62, SEQ ID NO:65, and SEQ ID NO:68. The
fusion protein can also comprise an amino acid sequence at
least 80% identical, at least about 85% identical, at least
about 90% identical, at least about 95% identical, at least
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about 97% identical, at least about 99% identical to a
sequence selected from the group consisting of SEQ ID
NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110
SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID
NO:122 SEQ ID NO:125 and SEQ ID NO:128, wherein the
nanoparticle elicits an immune response against an influenza
virus.

In this embodiment, the nanoparticle can comprise a
second fusion protein comprising a second influenza hemag-
glutinin protein, wherein the first and second influenza
hemagglutinin proteins are from different Types, from dif-
ferent sub-types or different strains of influenza viruses.

Another embodiment of the present invention is a vaccine
composition comprising any of the foregoing nanoparticle.
The vaccine composition can further comprise at least one
additional nanoparticle that comprises at least one hemag-
glutinin protein from a different strain of influenza than the
first hemagglutinin protein and the second hemagglutinin
protein.

A further embodiment of the invention is a method to
produce a vaccine against influenza virus. The method
includes expressing a fusion protein comprising a mono-
meric ferritin protein joined to an influenza hemagglutinin
protein under conditions such that the fusion proteins form
a nanoparticle displaying hemagglutinin trimers on its sur-
face and recovering the nanoparticle.

The invention also includes a method to vaccinate an
individual against influenza that includes administering a
nanoparticle to an individual such that the nanoparticle
elicits an immune response against influenza virus. In this
embodiment, the nanoparticle comprises a monomeric sub-
unit of ferritin joined to an influenza hemagglutinin protein
and the nanoparticle displays influenza hemagglutinin trim-
ers on its surface. In this embodiment, the nanoparticle can
elicit an immune response to an influenza virus strain that is
heterologous to the sub-type or strain of or that is antigeni-
cally divergent from the influenza virus from which the
hemagglutinin protein was obtained.

This method can further include administering to the
individual a first vaccine composition and then at a later
time, administering a second vaccine composition compris-
ing a nanoparticle that comprises an HA-SS-ferritin fusion
protein. The HA SS-ferritin fusion protein can comprise an
amino acid sequence selected from SEQ ID NO:71, SEQ ID
NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98 or one that is at least 80%
identical, at least 85% identical, at least 90% identical, at
least 95% identical, at least 97% identical or at least 99%
identical thereto, wherein the HA SS-ferritin fusion protein
elicits an immune response to an influenza virus. The HA
SS-ferritin fusion protein can comprise an amino acid
sequence selected from the group consisting of SEQ ID
NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110
SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID
NO:122 SEQ ID NO:125 and SEQ ID NO:128, or one at
least 80% identical, at least 85% identical, at least 90%
identical, at least 95% identical, at least 97% identical or at
least 99% identical thereto, wherein the HA SS-ferritin
fusion protein elicits an immune response to an influenza
virus.

In this method, the first vaccine composition can comprise
a nanoparticle comprising an ectodomain from the hemag-
glutinin protein of an influenza virus selected from the group
consisting of A/New Caledonia/20/1999 (1999 NC, H1),
A/California/04/2009 (2009 CA, H1), A/Singapore/1/1957
(1957 Sing, H2), A/Hong Kong/1/1968 (1968 HK, H3),
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A/Brisbane/10/2007 (2007 Bris, H3), A/Indonesia/05/2005
(2005 Indo, HS), B/Florida/4/2006 (2006 Flo, B), A/Perth/
16/2009 (2009 Per, H3), A/Brisbane/59/2007 (2007 Bris,
H1), B/Brisbane/60/2008 (2008 Bris, B). Alternatively, the
hemagglutinin of the first vaccine composition protein can
comprise an amino acid sequence selected from SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID NO:38
or one that is at least about 80% identical, at least about 85%
identical, at least about 90% identical, at least about 95%
identical, at least about 97% identical, at least about 99%
identical thereto. Further, the first vaccine composition can
comprise an HA-ferritin fusion protein comprising an amino
acid sequence selected from SEQ ID NO:41, SEQ ID
NO:44, SEQ ID NO:47, SEQ ID NO:50, SEQ ID NO:53,
SEQ ID NO:56, SEQ ID NO:59, SEQ ID NO:62, SEQ 1D
NO:65, and SEQ ID NO:68 or an amino acid sequence that
is at least 80% identical, at least about 85% identical, at least
about 90% identical, at least about 95% identical, at least
about 97% identical, at least about 99% identical thereto,
wherein the nanoparticle elicits an immune response against
an influenza virus.

Administration of the boosting composition is generally
weeks or months after administration of the priming com-
position.

A further embodiment of the present invention is a fusion
protein comprising a monomeric ferritin subunit protein
joined to an influenza hemagglutinin protein. The mono-
meric ferritin subunit protein can be selected from a bacte-
rial ferritin, a plant ferritin, an algal ferritin, an insect
ferritin, a fungal ferritin and a mammalian ferritin or can be
a monomeric subunit of a Helicobacter pylori ferritin pro-
tein. The monomeric ferritin subunit protein can comprise a
domain that allows the fusion protein to self-assemble into
nanoparticles. In this embodiment, the monomeric ferritin
subunit protein can comprise SEQ ID NO:2 or SEQ ID NO:5
or comprise at least 25 contiguous amino acids from or be
at least about 80% identical, at least about 85% identical, at
least about 90% identical, at least about 95% identical, at
least about 97% identical, at least about 99% to a sequence
selected from SEQ ID NO:2 and SEQ ID NO:5 and the
fusion protein can be capable of self-assembling into nano-
particles. Additionally, the monomeric subunit can comprise
a region corresponding to amino acids 5-167 of SEQ ID
NO:2.

In this embodiment, the hemagglutinin protein can com-
prise at least 25 amino acids from an influenza virus selected
from A/New Caledonia/20/1999 (1999 NC, H1), A/Califor-
nia/04/2009 (2009 CA, H1), A/Singapore/1/1957 (1957
Sing, H2), A/Hong Kong/1/1968 (1968 HK, H3), A/Bris-
bane/10/2007 (2007 Bris, H3), A/Indonesia/05/2005 (2005
Indo, HS), B/Florida/4/2006 (2006 Flo, B), A/Perth/16/2009
(2009 Per, H3), A/Brisbane/59/2007 (2007 Bris, H1), and
B/Brisbane/60/2008 (2008 Bris, B). Alternatively, the
hemagglutinin protein can be capable of eliciting an immune
response to a protein comprising an amino acid sequence
selected from SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38 or one that is at least about 80%
identical, at least about 85% identical, at least about 90%
identical, at least about 95% identical, at least about 97%
identical, at least about 99% thereto. In this embodiment, the
fusion protein can comprise an amino acid sequence selected
from SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ
ID NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59,
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SEQ ID NO:62, SEQ ID NO:65, and SEQ ID NO:68 or one
that is at least about 80% identical, at least about 85%
identical, at least about 90% identical, at least about 95%
identical, at least about 97% identical, at least about 99%
thereto.

Further in this embodiment, the hemagglutinin protein
can comprise a region selected from a region capable of
allowing trimerization of the hemagglutinin protein, a stem
region, an ectodomain, and a region comprising the amino
acid sequence from the amino acid residue immediately
distal to the last amino acid of the second helical coiled coil
to the amino acid residue proximal to the first amino acid of
the transmembrane domain. The hemagglutinin protein
alternatively can comprise a region corresponding to amino
acids 1-519 of SEQ ID NO:8, an amino acid sequence
selected from the group consisting of amino acids 1-519 of
SEQ ID NO:8 and SEQ ID NO:11, or a hemagglutinin spike
domain. Further, the hemagglutinin protein can comprise the
stem region from an influenza virus selected from A/New
Caledonia/20/1999 (1999 NC, H1), A/California/04/2009
(2009 CA, HI1), A/Singapore/1/1957 (1957 Sing, H2),
A/Hong Kong/1/1968 (1968 HK, H3), A/Brisbane/10/2007
(2007 Bris, H3), A/Indonesia/05/2005 (2005 Indo, HS),
B/Florida/4/2006 (2006 Flo, B), A/Perth/16/2009 (2009 Per,
H3), A/Brisbane/59/2007 (2007 Bris, H1), or k/Brisbane/
60/2008 (2008 Bris, B). The hemagglutinin protein can also
comprise an amino acid sequence at least about 80% iden-
tical, at least about 85% identical, at least about 90%
identical, at least about 95% identical, at least about 97%
identical, at least about 99% to SEQ ID NO:71, SEQ ID
NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ 1D NO:89, SEQ ID NO:92, SEQ 1D
NO:95, and SEQ ID NO:98.

In this embodiment, the fusion protein can comprise one
or more linker sequences or an amino acid sequence of
selected from the group consisting of SEQ ID NO:101, SEQ
ID NO:104 SEQ ID NO:107 SEQ ID NO:110 SEQ ID
NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID NO:122
SEQ ID NO:125 and SEQ ID NO:128 or a sequence that is
at least about 80% identical, at least about 85% identical, at
least about 90% identical, at least about 95% identical, at
least about 97% identical, at least about 99% thereto.

A further embodiment of the present invention is a nucleic
acid molecule encoding any of the fusion proteins described
above. In this embodiment, the nucleic acid molecule can be
functionally linked to a promoter. Other embodiments of the
invention include recombinant cells and viruses that com-
prise such nucleic acid molecules.

Another embodiment of the invention is a protein com-
prising an amino acid sequence at least 80% identical, at
least about 85% identical, at least about 90% identical, at
least about 95% identical, at least about 97% identical, at
least about 99% to an amino acid selected from SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95, and SEQ ID NO:98, wherein the
protein is joined to one or more trimerization domains. In
this embodiment, the protein can be joined to at least a
portion of the head region of an influenza hemagglutinin
protein, comprise one or more linker regions or elicit an
immune response against an influenza virus. A further
embodiment is a nucleic acid molecule encoding such a
protein.

BACKGROUND

Protective immune responses induced by vaccination
against influenza virus are primarily directed to the viral
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hemagglutinin (HA) protein, which is a glycoprotein on the
surface of the virus responsible for interaction of the virus
with host cell receptors. HA proteins on the virus surface are
trimers of hemagglutinin protein monomers that are enzy-
matically cleaved to yield amino-terminal HA1 and car-
boxy-terminal HA2 polypeptides. The globular head con-
sists exclusively of the major portion of the HAI
polypeptide, whereas the stem that anchors the hemagglu-
tinin protein into the viral lipid envelope is comprised of
HA2 and part of HA1. The globular head of a hemagglutinin
protein includes two domains: the receptor binding domain
(RBD), an ~148-amino acid residue domain that includes the
sialic acid-binding site, and the vestigial esterase domain, a
smaller ~75-amino acid residue region just below the RBD.
The top part of the RBD adjacent to the 2,6-sialic acid
recognition sites includes a large region (amino acids 131-
143, 170-182, 205-215 and 257-262, 1918 numbering) (re-
ferred to herein as the RBD-A region) of over 6000 A per
trimer that is 95% conserved between A/South Carolina/l/
1918 (1918 SC) and A/California/04/2009 (2009 CA) pan-
demic strains. The globular head includes several antigenic
sites that include immunodominant epitopes. Examples
include the Sa, Sb, Ca,, Ca, and Cb antigenic sites (see, for
example, Caton A J et al, 1982, Cell 31, 417-427). The
RBD-A region includes the Sa antigenic site and part of the
Sb antigenic site.

Antibodies against influenza often target variable anti-
genic sites in the globular head of HA, which surround a
conserved sialic acid binding site, and thus, neutralize only
antigenically closely related viruses. The variability of the
HA head is due to the constant antigenic drift of influenza
viruses and is responsible for seasonal endemics of influ-
enza. In contrast, gene segments of the viral genome can
undergo reassortment (antigenic shift) in host species, cre-
ating new viruses with altered antigenicity that are capable
of becoming pandemics [Salomon, R. et al. Cell 136,
402-410 (2009)]. Until now, each year, influenza vaccine is
updated to reflect the predicted HA and neuraminidase (NA)
for upcoming circulating viruses.

Current vaccine strategies for influenza use either a
chemically inactivated or a live attenuated influenza virus.
Both vaccines are generally produced in embryonated eggs
which present major manufacturing limitations due to the
time consuming process and limited production capacity.
Another more critical limitation of current vaccines is its
highly strain-specific efficacy. These challenges became
glaring obvious during emergence of the 2009 HIN1 pan-
demic, thus validating the necessity for new vaccine plat-
forms capable of overcoming these limitations. Virus-like
particles represent one of such alternative approaches and
are currently being evaluated in clinical trials [Roldao, A. et
al. Expert Rev Vaccines 9, 1149-1176 (2010); Sheridan, C.
Nat Biotechnol 27,489-491 (2009)]. Instead of embryonated
eggs, VLPs that often comprise HA, NA and matrix protein
1 (M1) can be mass-produced in mammalian or insect cell
expression systems [Haynes, J. R. Expert Rev Vaccines 8,
435-445 (2009)]. The advantages of this approach are its
particulate, multivalent nature and the authentic display of
properly folded, trimeric HA spikes that faithfully mimic the
infectious virion. In contrast, by the nature of its assembly,
the enveloped VLPs contain a small but finite host cell
component that may present potential safety, immunogenic-
ity challenges following repeated use of this platform [Wu,
C. Y. et al. PLoS One 5, 9784 (2010)]. Moreover, the
immunity induced by the VLPs is essentially the same as
current vaccines do, and thus, does not likely improve both
potency and breadth of vaccine-induced protective immu-
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nity. In addition to VLPs, a recombinant HA protein has also
been evaluated in humans [Treanor, I. J. et al. Vaccine 19,
1732-1737 (2001); Treanor, J. 1. JAMA 297, 1577-1582
(2007)], though the ability to induce protective neutralizing
antibody titers are limited. The recombinant HA proteins
used in those trials were produced in insect cells and might
not form native trimer preferentially [Stevens, J. Science
303, 1866-1870 (2004)].

Recently, entirely new classes of broadly neutralizing
antibodies against influenza viruses were isolated. One class
of antibodies recognizes the highly conserved HA stem
[Corti, D. et al. J Clin Invest 120, 1663-1673 (2010); Ekiert,
D. C. et al. Science 324, 246-251 (2009); Kashyap, A. K. et
al. Proc Natl Acad Sci USA 105, 5986-5991 (2008); Okuno,
Y. et al. J Virol 67, 2552-2558 (1993); Sui, J. et al. Nat Struct
Mol Biol 16, 265-273 (2009); Ekiert, D. C. et al. Science
333, 843-850 (2011); Corti, D. et al. Science 333, 850-856
(2011)], and another class of antibodies precisely recognizes
the sialic acid binding site of the RBD on the variable HA
head [Whittle, J. R. et al. Proc Natl Acad Sci USA 108,
14216-14221 (2011); Krause, I. C. et al. J Virol 85, 10905-
10908 (2011)]. Unlike strain-specific antibodies, those anti-
bodies are capable of neutralizing multiple antigenically
distinct viruses, and hence inducing such antibodies has
been a focus of next generation universal vaccine [Nabel, G.
J. et al. Nat Med 16, 1389-1391 (2010)]. However, robustly
eliciting these antibodies with such heterologous neutraliz-
ing profile by vaccination has been difficult [Steel, J. et al.
MBio 1, e0018 (2010); Wang, T. T. et al. PLoS Pathog 6,
€1000796 (2010); Wei, C. . et al. Science 329, 1060-1064
(2010)].

Despite several alternatives to conventional influenza
vaccines, advances in biotechnology in past decades have
allowed engineering of biological materials to be exploited
for the generation of novel vaccine platforms. Ferritin, an
iron storage protein found in almost all living organisms, is
an example which has been extensively studied and engi-
neered for a number of potential biochemical/biomedical
purposes [Iwahori, K. U.S. Patent 2009/0233377 (2009);
Meldrum, F. C. et al. Science 257, 522-523 (1992); Naitou,
M. et al. U.S. Patent 2011/0038025 (2011); Yamashita, 1.
Biochim Biophys Acta 1800, 846-857 (2010)], including a
potential vaccine platform for displaying exogenous epitope
peptides [Carter, D. C. et al. U.S. Patent 2006/0251679
(20006); Li, C. Q. et al. Industrial Biotechnol 2, 143-147
(2006)]. Its use as a vaccine platform is particularly inter-
esting because of its self-assembly and multivalent presen-
tation of antigen which induces stronger B cell responses
than monovalent form as well as induce T-cell independent
antibody responses [Bachmann, M. F. et al. Annu Rev
Immunol 15, 235-270 (1997); Dintzis, H. M. et al. Proc Natl
Acad Sci USA 73,3671-3675 (1976)]. Further, the molecular
architecture of ferritin, which consists of 24 subunits assem-
bling into an octahedral cage with 432 symmetry has the
potential to display multimeric antigens on its surface.

There remains a need for an efficacious influenza vaccine
that provides robust protection against influenza virus. There
particularly remains a need for an influenza vaccine that
protects individuals from heterologous strains of influenza
virus, including evolving seasonal and pandemic influenza
virus strains of the future. The present invention meets this
need by providing a novel HA-ferritin nanoparticle (HA-
ferritin np) influenza vaccine that is easily manufactured,
potent, and elicits broadly neutralizing influenza antibodies

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Molecular design and construction of ferritin
particles displaying influenza virus hemagglutinin. (a) Rib-
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bon diagram of a subunit of H. pylori nonheme ferritin
(PDB: 3bve) (left). Amino- and carboxyl-termini are labeled
as N and C, respectively. Three ferritin subunits surrounding
an octahedral three-fold axis are shown as a ribbon diagram
(middle). Residue Asp5 is indicated. The octahedral assem-
bly of the ferritin particle (viewed at 8 A resolution along an
octahedral three-fold axis) and A/Solomon Islands/3/2006
(HIN1) HA trimer (PDB: 3sm5) (viewed down from mem-
brane proximal side) (right). The measured average distance
between the Asp5 residues in each ferritin subunit surround-
ing an octahedral three-fold axis is shown as a triangle. The
same equilateral triangle (a=b=c=28 A) is also drawn on the
HA trimer (right). (b) Schematic representation of the HA-
ferritin expression vector used for protein production. (c)
Chromatogram of the size exclusion chromatography of
ferritin nanoparticles (np) and HA-np (left). Molecular
weights (kDa) of calibration standards are indicated above
the curves with vertical lines. Calculated molecular weights
for ferritin nanoparticles and HA-np were 419 and 2,165
kDa, respectively, and were within 10% of the predicted
molecular weights (408 and 2,040 kDa, respectively). Par-
ticle size distribution (radius) of purified ferritin nanopar-
ticles and HA-np was determined by dynamic light scatter-
ing (middle). Measured mean diameters (d) are indicated.
The polydispersity indices of purified ferritin np and HA-np
were 0.035 and 0.011, respectively. Purified HA trimer
(thrombin uncleaved), HA-np and ferritin nanoparticles
were analyzed by SDS-PAGE (right). (d) Negatively stained
transmission electron microscopy images of ferritin nano-
particles (left) and HA-np (right). Images were originally
recorded at 67,000x magnification. (e) Models representing
octahedral four-, three- and two-fold symmetries of HA-
ferritin np (top panels) and actual TEM image (bottom
panels) are shown. Visible HA spikes are numbered in the
images.

FIG. 2. Genetic and structural comparison of ferritins. (a)
Phylogenetic tree analysis of ferritins found in RSCB PDB.
Twenty-two sequences contain 16 ferritins including Ve
(Vibrio cholerae), Ec (E. coli), Hp (H. pylori), Af (Archaeo-
globus fulgidus), Pt (Pyrococcus furiosus), Tm (Thermatoga
maritime), Pm (Pseudo-nitzschia multiseries), Tn (L)
(Trichoplusia ni light chain), Soybean (chloroplastic), Horse
(L) (light chain), Human (L), (H) and (M) (light, heavy
chains and mitochondrial, respectively), Mouse (L) (light
chain), and Frog (M) and (L) (middle and lower subunits,
respectively), and 6 bacterioferritins (B) including Mt (B)
(Mycobacterium tuberculosis), Pa (B) (Pseudomonas
aeruginosa), Rs (B) (Rhodabacter sphaeroides), Bm (B)
(Brucella melitensis), Av (B) (Azobacter vinelandii), and Ec
(B). Protein sequences were aligned using Clustal W2
(www.ebi.ac.uk/Tools/msa/clustalw2) with Gonnet matrix
and a phylogenetic tree was generated with the Phyloden-
dron program (http://iubio.bio.indiana.edu/treeapp/tree-
print-form html) using the neighbor-joining method. (b)
Comparison of surface exposed residues between H. pylori
and mouse (light chain) (left) or human (light chain)
(middle), and mouse and human (light chains) (right). Con-
servation of surface exposed residues was rendered by
UCSF Chimera using a protein sequence alignment gener-
ated by Clustal W2. Conserved and varied residues between
the two ferritins are shown as light and dark residues,
respectively. PDB files 3bve (H. pylori) (left and middle)
and 1 h96 (mouse light chain) (right) were used for surface
rendering.

FIG. 3. Antigenic characterization of HA-ferritin np. (a)
Binding of mAbs directed to globular head and stem of HA
was measured by ELISA. Equal amount (200 ng of HA per
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well) of HA trimer (A), TIV (W), HA-ferritin (@) or Ferr
(equimolar amount as HA-Ferr) (O) were coated on the
plates and wells were probed with anti-head mAb (3u-u) and
anti-stem mAb CR6261. The half maximal effective con-
centrations (EC;,) of binding were calculated for each
antibody and showed as ng ml~ (b) Inhibition of antibody-
mediated neutralization of 1999 NC pseudotyped virus by
using HA trimer, HA-Ferr or Ferr as a competitor. Inhibition
of neutralization was plotted as percent inhibition respect to
no competitor control. The anti-stem neutralizing mAbs,
F10 (left) and CR6261 (right) were used at 3.125 and 25 ng
ml™, respectively. Competitor proteins were added to the
reactions at a final concentration of 20 ug ml™".

FIG. 4. Immune responses in HA-np-immunized mice. (a)
HAI (left), IC,, neutralization (middle), and anti-HA ab
endpoint titers (right) against 1999 NC HA after two immu-
nizations with 0.17 pg (amount of H1 HA) of TIV or HA-np
with or without Ribi adjuvant and a 3-week interval. The
immune sera were collected 2 weeks after the second
immunization. The data are presented as box-and-whiskers
plots (boxed from lower to upper quartile with whiskers
from minimum to maximum) with lines at the mean (n=5).
(b) Neutralization breadth of the immune sera elicited by
HA-trimer, TIV, or HA-np. An additional group of mice
(n=4) was immunized twice with 20 ng of trimeric HA
protein using Ribi adjuvant and a 4-week interval. The
immune sera were collected 2 weeks after the second
immunization. 1Cs, neutralization titers against a panel of
HINT1 pseudotyped viruses were determined. (c¢) Cellular
and humoral immune responses against H. pylori (top) and
mouse (bottom) ferritins. Mice were immunized twice with
1.67 ug (amount of H1 HA) of TIV or HA-np, or 0.57 pg of
ferritin nanoparticles (equimolar to HA-np) using Ribi adju-
vant and a 3-week interval. The splenocytes and immune
sera were harvested 11 days after the second immunization.
Cytokine-producing CD4" and CD8* T cells were measured
by ICS (left), and ab response was detected by ELISA
(right). All cells expressing IFN-y, TNFa, or IL-2 were
identified as cytokine* cells. The percentage of cytokine*
cells in CD4* and CD8"* T cells that were activated in
response to stimulation with specific peptides covering the
entire H. pylori or mouse ferritins (heavy and light chains
combined) were plotted. Recombinant H. pylori and purified
mouse (liver) ferritins were used for detecting anti-ferritin
ab responses. The data are presented as box-and-whiskers
plots with lines at the mean (n=5).

FIG. 5. Successive immunization of HA-nanoparticles in
mice. Mice were pre-immunized with 1.67 pug (amount of
HA) of 2009 Perth (H3) HA-nanoparticles or 0.57 g
(equimolar to HA-nanoparticle) of empty ferritin nanopar-
ticles at week 0 and then immunized with 1.67 pg (amount
of HA) of 1999 NC (H1) HA-nanoparticles at week 3. Ribi
was used as an adjuvant. Another group of mice was
immunized with 1999 NC (H1) HA-nanoparticles without
pre-immunization of empty ferritin nanoparticles or H3
HA-nanoparticles. (a) Ab responses to H. pylori ferritin
(left) and 2009 Perth H3 HA (right). Immune sera collected
2 weeks after the immunization with H3 HA-nanoparticles
or empty ferritin nanoparticles were analyzed by ELISA. (b)
Immune responses to 1999 NC (H1) after 1999 NC (H1)
HA-nanoparticle immunization. Naive mice or mice with
pre-immunity to ferritin or H3 HA were immunized with H1
HA-nanoparticles at week 3 and HAI (left), IC,, neutraliza-
tion (middle) and ELISA (right) Ab titers were measured 2
weeks after the immunization. The data are presented as
box-and-whiskers plots with lines at the mean (n=5).
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FIG. 6. Development of trivalent HA-np. (a) HA-np
consisting of HAs from 2009 CA (H1), 2009 Perth (H3) or
2006 FL (type B) were purified and visualized by TEM. (b)
HALI titers against 2009 CA (HIN1) and 2009 Perth (H3N2)
viruses in immunized mice. Mice were immunized twice
with 1.67 pug (amount of HA) of monovalent H1, monova-
lent H3, monovalent type B, or 5.0 g (total amount of HA)
of trivalent HA-np or TIV (2011-2012 season) using Ribi
adjuvant with a 3-week interval. Immune sera were collected
2 weeks after the second immunization. The data are pre-
sented as box-and-whiskers plots with lines at the mean
(n=5).

FIG. 7. Protective immunity induced in ferrets immunized
with the HA-np. Ferrets were immunized twice with PBS
(control), 7.5 ug (2.5 ugof H1 HA) of TIV or 2.5 ug (amount
of HA) 1999 NC HA-np using Ribi adjuvant and a 4-week
interval. Control animals received PBS. (a) HA1 (left), IC90
neutralization (middle), and anti-HA ab endpoint titers
(right) in immunized ferrets against homologous 1999 NC
HA were determined. Immune sera were collected 3 and 2
weeks after the first (R. Salomon, R. G. Webster, The
influenza virus enigma. Cell 136, 402-410 (2009) and sec-
ond (L. C. Lambert, A. S. Fauci, Influenza vaccines for the
future. N Engl J Med 363, 2036-2044 (2010)) immuniza-
tions, respectively. The data are presented as box and
whisker plots with lines at the mean (n=6). (b) Protection of
immunized ferrets from an unmatched 2007 Bris virus
challenge. Ferrets were challenged with 10%° 50% egg
infectious dose (EID50) of 2007 Bris virus 5 weeks after the
second immunization. Virus titers in the nasal washes from
1, 3 and 5 days post challenge were determined by a 50%
tissue culture infectious dose (TCIDs,) assay (left). One of
six ferrets in the TIV-immunized group showed measurable
virus on day 5. Virus titers in 4 out of 6 ferrets on day 3 and
6 out of 6 ferrets on day 5 in the HA-np-immunized group
were under the detection limit (<102). The mean viral loads
with standard deviation (s.d.) at each time point were plotted
(n=6). Change in the body weight after the virus challenge
was also monitored (right). Each data point represents the
mean percent change in body weight from the pre-challenge
(day 0). The mean body weight changes with standard error
(s.e.) at each time point were plotted (n=6).

FIG. 8. Improved neutralization breadth and detection of
stem- and RBS-directed abs. (a) Neutralization breadth of
immune sera in ferrets. IC,, neutralization titers against a
panel of HIN1 pseudotyped viruses (left) and HAI titers
against 1934 PR8 and 2007 Bris HIN1 viruses (right) were
determined. The HAI titers are presented as box-and-whis-
kers plots with lines at the mean (n=6). (b) Stem- and
RBS-directed abs elicited by HA-np immunization. Ferret
immune sera (diluted 1:100) were pre-absorbed with AStem
HA-expressing cells and their binding to WT or AStem HA
were analyzed by ELISA (left). The immune sera (diluted
1:1,000) were pre-absorbed with ARBS HA-expressing cells
and their binding to WT or ARBS HA were analyzed by
ELISA (middle). The mean endpoint dilution titers were
plotted with s.d. (n=6). Competition ELISA with stem-
directed mAb CR6261 (right). The immune sera pre-ab-
sorbed with AStem were tested for binding to HA in the
presence of an isotype control IgG or CR6261. Each symbol
represents the titer of an individual ferret (n=6). (c) Neu-
tralization competition with WT, AStem or ARBS HA pro-
tein (left). The neutralization of HA-np immune sera against
1986 Sing, 1995 Beijing, 1999 NC and 2007 Bris was
measured in the presence of irrelevant protein (control), WT,
AStem or ARBS HA as a competitor. Percent neutralizations
at serum dilution 1:200 (1986 Sing, 2007 Bris), 1:800 (1995
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Beijing) or 1:3,200 (1999 NC) were plotted. Each symbol
represents the individual ferret serum and mean is indicated
as a red line with s.d. (n=6 for 1986 Sing, 1995 Beijing and
1999 NC; n=3 for 2007 Bris). The relative contribution of
the stem- and RBS-directed neutralization was determined
by the inhibition of neutralization for each competitor pro-
tein (right). Mean percent contributions in neutralizing each
virus were plotted as pile-up bars (n=6).

FIG. 9. Characterization of ARBS HA probe. (a) Crystal
structure of HA (A/Solomon Islands/3/2006) complex with
an anti-RBS mAb CH65 Fab (PDB: 3sm5) (J. R. Whittle et
al., Broadly neutralizing human antibody that recognizes the
receptor-binding pocket of influenza virus hemagglutinin.
Proc Natl Acad Sci USA 108, 14216-14221 (2011)) (left).
Close up view of CH65 contact area (right). The residue
HA1 190 which has been mutated to be glycosylated in
ARBS mutant is highlighted. The CH65 Fab-bound HA1
protomer is darkened. (b) Characterization of the soluble
trimer of WT and ARBS HAs from 1999 NC and 2007 Bris.
The WT and ARBS HA proteins were immunoprecipitated
with anti-RBS (CH65), stem (CR6261) and control (anti-
HIV, VRCO01) mAbs. Immune complexes were then dis-
solved in Lamini buffer and analyzed by SDS-PAGE. Anti-
body heavy and light chains are labeled as HC and LC,
respectively.

FIG. 10. Purification of HA-np. HA-np were purified by
routine iodixanol gradient ultracentrifugation routinely.
Fractions containing HA-np were confirmed by SDS-PAGE
and Western blotting using a mAb against 1999 NC HA. The
HA-np were enriched in the fraction with density of ~1.15
g/ml.

FIG. 11. Protocol for immunization of mice and ferrets
using pan-group 1 HA-ferritin np. Mice were injected intra-
muscularly twice (Week 0 and week 4) with PBS (control)
or 6.8 ug (1.7 ug of each HA-ferritin np) pan-group 1
vaccine in Ribi. Ferrets were injected intramuscularly twice
(Week 0 and week 4) with PBS (control) or 10 ug (2.5 ug of
each HA-ferritin np) pan-group 1 vaccine in Ribi.

FIG. 12. Neutralization activity of mouse antisera against
Group 1 HA pseudotyped viruses. Neutralization activity of
murine antisera from control or pan Groupl HA-np immu-
nized mice against the indicated HA pseudotyped viruses.
1C50 titers are shown for all panels.

FIG. 13. Neutralization activity of ferret antisera against
Groupl HA pseudotyped viruses. Neutralization activity of
ferret antisera from control or pan Groupl HA np immu-
nized ferrets against the indicated HA pseudotyped viruses.
1C50 titers are shown for all panels.

FIG. 14. H1 HAI assays were performed using the sera
obtained from the ferritin immunization studies. These stud-
ies were performed using actual H1 virus, and H2 and H5
HAI were performed using HA-ferritin np

FIG. 15. Protection of ferrets from viral challenge with
Influenza A/Brisbane/59/2007 Brisbane (HIN1) (2007
Bris). Two groups of ferrets (n=6 for control and n=5 for
pan-groupl immune) were immunized with pan Groupl HA
np vaccine or PBS (control) and challenged with heterolo-
gous 2007 Bris virus (10%° EIDs,). Virus titers were mea-
sured in nasal swabs collected on day 3 and day 5 post
challenge. Titers were determined using end-point titration
in MDCK cells.

FIG. 16. Protection of ferrets from viral challenge with
Influenza A/Mexico/2009 (HIN1) (2009 Mex). Two groups
of ferrets (n=6) were immunized with pan Groupl HA np
vaccine or PBS (control) and challenged with heterologous
2009 Mex virus (10%° EIDy,). Virus titers were measured in
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nasal swabs collected on day 3 and day 5 post challenge.
Titers were determined using end-point titration in MDCK
cells.

FIG. 17. Conservation of the influenza HA stem region.
(left, right) Neutralizing antibodies that react with both
Group 1 and Group 2 viruses act at the sites of vulnerability
shown in the Figure. (Right) Space filling model of influenza
HA protein illustrating amino acid sequence conservation in
over 800 human HINI strains. Light residues indicate
residues that are 100% conserved. Dark residues as indicate
sites of variation.

FIG. 18. Design of HA Stabilized Stem protein. (A)
Schematic of the HA SS (bottom) in comparison to HA
(top). HA SS was constructed by inserting a GWG linker
between residues 42 and 314 of HA1 RBD head, a gp4l
post-fusion trimerization motif inserted in place of residues
59 through 93 of HA2, a GG linker between HA2 and the
gp41 HR2 helix and an NGTGGGSG linker between the two
gp4l helices. The gene sequence of H1 NC 99 SS is
provided in the supplemental materials. (B) Trimeric and
monomeric representation of HA (PDB entry 1RU7) in
comparison to the HA SS model. Coloring is respective to
above panel, with the monomeric representation also illus-
trating the CR6261 epitope as yellow and HA residues
which are omitted in the stabilized HA stem as grey. (C)
CR6261, FI6v3, and the germline of the VH1-69 Ab
70-5B03 have similar affinity to HA and SS by ELISA. HA
SS competes with CR6261 (D) binding to HA and (E)
neutralization of HIN1 pseudovirus similar to soluble HA
trimer.

FIG. 19. Size exclusion chromatogram of HA and HA SS
probes. Calibration standards are shown above the curves as
vertical lines.

FIG. 20. Electron microscopic analysis of nanoparticles.
Purified SS-np were subjected to transmission electron
microscopic analysis. The samples were negatively stained
with ammonium molybdate and images were recorded on a
Tecnai T12 microscope (FEI) at 80 kV with a CCD camera
(AMT Corp.). Images of lower (left) and higher (right)
magnifications are shown. The SS spikes were protruding
perpendicularly from the particle core and clearly visible.

FIG. 21. Antigenic characterization of HA SS-ferritin np.
The ability of purified HA SS and HA SS-np to bind to
monoclonal Abs CR6261 (left) and F16v3 (right) was char-
acterized by ELISA. HA and HIV gp120 proteins served as
controls.

FIG. 22. Immune sera of mice immunized heterologously
with HA-np prime and HA SS-np boost are reactive to the
conserved HA stem epitope. Antibodies elicited by vacci-
nation target the conserved HA stem epitope as individual
mice possess differential binding (a minimum of 2-fold
difference in endpoint dilution) between wt and Astem HA
variants. The percentage of mice displaying differential
binding is given above matched wt and Astem constructs.
Error bars represent standard error.

FIG. 23. Immune sera of mice immunized with HA SS
neutralizes diverse pseudovirus stains. IC50 values are
shown for individual mice against H1 homosubtypic strains
and H2, HS and H9 group-1 heterosubtypic strains. Dashed
lines represents the lowest dilution assayed (50). Error bars
represent standard error.

FIG. 24. Boosting with HA SS-np increases neutralizing
titers in ferrets against HIN1 New Calendonia. Pseudovirus
neutralizing titers were calculated for preimmune, HA FL-
np primed, and HA SS-np boosted sera from individual
mice. Error bars represent standard deviation of values.
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FIG. 25. Map and sequence of CMV8x/R-HINC
HA(517)_SGG-egm (SEQ ID NO:130), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:131) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 26. Map and sequence of CMV8x/R-HICA HA
(518)_SGG-egm (SEQ ID NO:132), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:133) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 27. Map and sequence of CMV8x/R-H2Sing
HA(514)_SGG-egm (SEQ ID NO:134), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:135) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 28. Map and sequence of CMVS8x/R-H3HK
HA(519)_SGG-egm (SEQ ID NO:136), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:137) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 29. Map and sequence of CMV8x/R-H3Bris
HA(519)_SGG-egm (SEQ ID NO:138), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:139) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 30. Map and sequence of CMV8x/R-HS5Indo
HA(520)_SGG-egm (SEQ ID NO:140), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:141) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 31. Map and sequence of CMV8x/R-B.Florida
HA(534)_SGG-egm (SEQ ID NO:142), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:143) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 32. Map and sequence of CMV8x/R-H3Perth
HA(519)_SGG-egm (SEQ ID NO:144), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:145) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 33. Map and sequence of CMV8x/R-HI1Bris
HA(517)_SGG-egm (SEQ ID NO:146) and the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:147) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 34. Map and sequence of CMV8x/R-B.Bris
HA(535)_SG G-egm (SEQ ID NO:148), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:149) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 35. Map and sequence of CMV8x/R-HINC SS
Gend.55_SGG-egm (SEQ ID NO:150), the nucleic acid
sequence encoding the related HA-ferritin fusion protein
(SEQ ID NO:151) and the amino acid sequence of the
encoded HA-ferritin fusion protein.

FIG. 36. Map and sequence of CMV/R H1 CA
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 37. Map and sequence of CMV/R HI1 Bris
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 38. Map and sequence of CMV/R H2 Sing
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 39. Map and sequence of CMV/R H3 Bris
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 40. Map and sequence of CMV/R H3 Perth
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 41. Map and sequence of CMV/R H3 HK68
SS/Gend.55/ferritin (SEQ ID NO:152).
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FIG. 42. Map and sequence of CMV/R HS5 Indo
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 43. Map and sequence of CMV/R B Bris
SS/Gend.55/ferritin (SEQ ID NO:152).

FIG. 44. Map and sequence of CMV/R B FL SS/Gen4.55/
ferritin (SEQ ID NO:152).

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a novel vaccine for
influenza virus. More specifically, the present invention
relates to novel, influenza hemagglutinin protein-based vac-
cines that elicit an immune response against a broad range
of influenza viruses. It also relates to self-assembling ferri-
tin-based, nanoparticles that display immunogenic portions
of influenza hemagglutinin protein on their surface. Such
nanoparticles are useful for vaccinating individuals against
influenza virus. Accordingly, the present invention also
relates to fusion proteins for producing such nanoparticles
and nucleic acid molecules encoding such proteins. Addi-
tionally, the present invention relates to, methods of pro-
ducing nanoparticles of the present invention, and methods
of using such nanoparticles to vaccinate individuals.

Before the present invention is further described, it is to
be understood that this invention is not limited to particular
embodiments described, as such may, of course, vary. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and
is not intended to be limiting, since the scope of the present
invention will be limited only by the claims.

It must be noted that as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. For
example, a nucleic acid molecule refers to one or more
nucleic acid molecules. As such, the terms “a”, “an”, “one or
more” and “at least one” can be used interchangeably.
Similarly the terms “comprising”, “including” and “having”
can be used interchangeably. It is further noted that the
claims may be drafted to exclude any optional element. As
such, this statement is intended to serve as antecedent basis
for use of such exclusive terminology as “solely,” “only”
and the like in connection with the recitation of claim
elements, or use of a “negative” limitation.

In addition to the above, unless specifically defined oth-
erwise, the following terms and phrases, which are common
to the various embodiments disclosed herein, are defined as
follows:

As used herein, the term immunogenic refers to the ability
of a specific protein, or a specific region thereof, to elicit an
immune response to the specific protein, or to proteins
comprising an amino acid sequence having a high degree of
identity with the specific protein. According to the present
invention, two proteins having a high degree of identity have
amino acid sequences at least 80% identical, at least 85%
identical, at least 87% identical, at least 90% identical, at
least 92% identical, at least 94% identical, at least 96%
identical, at least 98% identical or at least 99% identical.

As used herein, an immune response to a vaccine, or
nanoparticle, of the present invention is the development in
a subject of a humoral and/or a cellular immune response to
a hemagglutinin protein present in the vaccine. For purposes
of the present invention, a “humoral immune response”
refers to an immune response mediated by antibody mol-
ecules, including secretory (IgA) or IgG molecules, while a
“cellular immune response” is one mediated by T-lympho-
cytes and/or other white blood cells. One important aspect of
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cellular immunity involves an antigen-specific response by
cytolytic T-cells (“CTL”s). CTLs have specificity for pep-
tide antigens that are presented in association with proteins
encoded by the major histocompatibility complex (MHC)
and expressed on the surfaces of cells. CTLs help induce and
promote the destruction of intracellular microbes, or the
lysis of cells infected with such microbes. Another aspect of
cellular immunity involves an antigen-specific response by
helper T-cells. Helper T-cells act to help stimulate the
function, and focus the activity of, nonspecific effector cells
against cells displaying peptide antigens in association with
MHC molecules on their surface. A cellular immune
response also refers to the production of cytokines, chemok-
ines and other such molecules produced by activated T-cells
and/or other white blood cells, including those derived from
CD4+ and CD8+ T-cells.

Thus, an immunological response may be one that stimu-
lates CTLs, and/or the production or activation of helper
T-cells. The production of chemokines and/or cytokines may
also be stimulated. The vaccine may also elicit an antibody-
mediated immune response. Hence, an immunological
response may include one or more of the following effects:
the production of antibodies (e.g., IgA or IgG) by B-cells;
and/or the activation of suppressor, cytotoxic, or helper
T-cells and/or T-cells directed specifically to a hemaggluti-
nin protein present in the vaccine. These responses may
serve to neutralize infectivity, and/or mediate antibody-
complement, or antibody dependent cell cytotoxicity
(ADCC) to provide protection to an immunized individual.
Such responses can be determined using standard immuno-
assays and neutralization assays, well known in the art.

According to the present invention all nomenclature used
to classify influenza virus is that commonly used by those
skilled in the art. Thus, a Type, or Group, of influenza virus
refers to influenza Type A, influenza Type B or influenza
type C. It is understood by those skilled in the art that the
designation of a virus as s specific Type relates to sequence
difference in the respective M1 (matrix) protein or NP
(nucleoprotein). Type A influenza viruses are further divided
into Groupl and Group 2. These Groups are further divided
into subtypes, which refers to classification of a virus based
on the sequence of its HA protein. Examples of current
commonly recognized subtypes are H1, H2, H3, H4, H5,
He, H7, H8, HS, H10, H11, H12, H13, H14, H15 or H16.
Group 1 influenza subtypes are H1, H2, H5, H7 and H9.
Group 2 influenza subtypes are H4, H4, H6, HS, H10, H11,
H12, H13, H14, H15 and H16. Finally, the term strain refers
to viruses within a subtype that differ from one another in
that they have small, genetic variations in their genome.

As used herein, neutralizing antibodies are antibodies that
prevent influenza virus from completing one round of rep-
lication. As defined herein, one round of replication refers
the life cycle of the virus, starting with attachment of the
virus to a host cell and ending with budding of newly formed
virus from the host cell. This life cycle includes, but is not
limited to, the steps of attaching to a cell, entering a cell,
cleavage and rearrangement of the HA protein, fusion of the
viral membrane with the endosomal membrane, release of
viral ribonucleoproteins into the cytoplasm, formation of
new viral particles and budding of viral particles from the
host cell membrane.

As used herein, broadly neutralizing antibodies are anti-
bodies that neutralize more than one type, subtype and/or
strain of influenza virus. For example, broadly neutralizing
antibodies elicited against an HA protein from a Type A
influenza virus may neutralize a Type B or Type C virus. As
a further example, broadly neutralizing antibodies elicited
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against an HA protein from Group I influenza virus may
neutralize a Group 2 viru. AS an additional example, broadly
neutralizing antibodies elicited against an HA protein from
one sub-type or strain of virus, may neutralize another
sub-type or strain of virus. For example, broadly neutraliz-
ing antibodies elicited against an HA protein from an H1
influenza virus may neutralize viruses from one or more
sub-types selected from the group consisting of H2, H3, H4,
HS5, H6, H7, H8, HS, H10, H11, H12, H13, H14, H15 or
Hi6.

As used herein, an influenza hemagglutinin protein, or
HA protein, refers to a full-length influenza hemagglutinin
protein or any portion thereof, that is capable of eliciting an
immune response. Preferred HA proteins are those that are
capable of forming a trimer. An epitope of a full-length
influenza hemagglutinin protein refers to a portion of such
protein that can elicit a neutralizing antibody response
against the homologous influenza strain, i.e., a strain from
which the HA is derived. In some embodiments, such an
epitope can also elicit a neutralizing antibody response
against a heterologous influenza strain, i.e., a strain having
an HA that is not identical to that of the HA of the
immunogen.

With regard to hemagglutinin proteins, it is understood by
those skilled in the art that hemagglutinin proteins from
different influenza viruses may have different lengths due to
mutations (insertions, deletions) in the protein. Thus, refer-
ence to a corresponding region refers to a region of another
proteins that is identical, or nearly so (e.g., at least 95%,
identical, at least 98% identical or at least 99% identical), in
sequence, structure and/or function to the region being
compared. For example, with regard to the stem region of a
hemagglutinin protein, the corresponding region in another
hemagglutinin protein may not have the same residue num-
bers, but will have a nearly identical sequence and will
perform the same function. To better clarify sequences
comparisons between viruses, numbering systems are used
by those in the field, which relate amino acid positions to a
reference sequence. Thus, corresponding amino acid resi-
dues in hemagglutinin proteins from different strains of
influenza may not have the same residue number with
respect to their distance from the n-terminal amino acid of
the protein. For example, using the H3 numbering system,
reference to residue 100 in A/New Caledonia/20/1999 (1999
NC, HI1) does not mean it is the 100” residue from the
N-terminal amino acid. Instead, residue 100 of A/New
Caledonia/20/1999 (1999 NC, H1) aligns with residue 100
of influenza H3N2 strain. The use of such numbering
systems is understood by those skilled in the art. Unless
otherwise noted, reference to amino acids in hemagglutinin
proteins herein is made using the H3 numbering system.

According to the present invention, a trimerization
domain is a series of amino acids that when joined (also
referred to as fused) to a protein or peptide, allow the fusion
protein to interact with other fusion proteins containing the
trimerization domain, such that a trimeric structure is
formed. Any known trimerization domain can be used in the
present invention. Examples of trimerization domains
include, but are not limited to, the HIV-1 gp41 trimerization
domain, the SIV gp41 trimerization domain, the Ebola virus
gp-2 trimerization domain, the HTTLV-1 gp-21 trimerization
domain, the T4 fibritin trimerization domain (i.e., foldon),
the yeast heat shock transcription factor trimerization
domain, and the human collagen trimerization domain.

As used herein, a variant refers to a protein, or nucleic
acid molecule, the sequence of which is similar, but not
identical to, a reference sequence, wherein the activity of the
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variant protein (or the protein encoded by the variant nucleic
acid molecule) is not significantly altered. These variations
in sequence can be naturally occurring variations or they can
be engineered through the use of genetic engineering tech-
nique know to those skilled in the art. Examples of such
techniques are found in Sambrook J, Fritsch E F, Maniatis T
et al., in Molecular Cloning—A Laboratory Manual, 2nd
Edition, Cold Spring Harbor Laboratory Press, 1989, pp.
9.31-9.57), or in Current Protocols in Molecular Biology,
John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, both of which
are incorporated herein by reference in their entirety.

With regard to variants, any type of alteration in the amino
acid, or nucleic acid, sequence is permissible so long as the
resulting variant protein retains the ability to elicit neutral-
izing antibodies against an influenza virus. Examples of
such variations include, but are not limited to, deletions,
insertions, substitutions and combinations thereof. For
example, with regard to proteins, it is well understood by
those skilled in the art that one or more (e.g., 2, 3, 4, 5, 6,
7, 8, 9 or 10), amino acids can often be removed from the
amino and/or carboxy terminal ends of a protein without
significantly affecting the activity of that protein. Similarly,
one or more (e.g., 2,3,4,5,6,7,8,9or 10) amino acids can
often be inserted into a protein without significantly affect-
ing the activity of the protein.

As noted, variant proteins of the present invention can
contain amino acid substitutions relative to the influenza HA
proteins disclosed herein. Any amino acid substitution is
permissible so long as the activity of the protein is not
significantly affected. In this regard, it is appreciated in the
art that amino acids can be classified into groups based on
their physical properties. Examples of such groups include,
but are not limited to, charged amino acids, uncharged
amino acids, polar uncharged amino acids, and hydrophobic
amino acids. Preferred variants that contain substitutions are
those in which an amino acid is substituted with an amino
acid from the same group. Such substitutions are referred to
as conservative substitutions.

Naturally occurring residues may be divided into classes
based on common side chain properties:

1) hydrophobic: Met, Ala, Val, Leu, Ile;

2) neutral hydrophilic: Cys, Ser, Thr;

3) acidic: Asp, Glu;

4) basic: Asn, Gln, His, Lys, Arg;

5) residues that influence chain orientation: Gly, Pro; and

6) aromatic: Trp, Tyr, Phe.

For example, non-conservative substitutions may involve
the exchange of a member of one of these classes for a
member from another class.

In making amino acid changes, the hydropathic index of
amino acids may be considered. Each amino acid has been
assigned a hydropathic index on the basis of its hydropho-
bicity and charge characteristics. The hydropathic indices
are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenyl-
alanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9);
alanine (+1.8); glycine (-0.4); threonine (-0.7); serine
(-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6);
histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspar-
tate (-3.5); asparagine (=3.5); lysine (-3.9); and arginine
(-4.5). The importance of the hydropathic amino acid index
in conferring interactive biological function on a protein is
generally understood in the art (Kyte et al., 1982, J. Mol.
Biol. 157:105-31). It is known that certain amino acids may
be substituted for other amino acids having a similar hydro-
pathic index or score and still retain a similar biological
activity. In making changes based upon the hydropathic
index, the substitution of amino acids whose hydropathic
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indices are within +2 is preferred, those within %1 are
particularly preferred, and those within +0.5 are even more
particularly preferred.

It is also understood in the art that the substitution of like
amino acids can be made effectively on the basis of hydro-
philicity, particularly where the biologically functionally
equivalent protein or peptide thereby created is intended for
use in immunological invention, as in the present case. The
greatest local average hydrophilicity of a protein, as gov-
erned by the hydrophilicity of its adjacent amino acids,
correlates with its immunogenicity and antigenicity, i.e.,
with a biological property of the protein. The following
hydrophilicity values have been assigned to these amino
acid residues: arginine (+3.0); lysine (+3.0); aspartate
(+3.0£1); glutamate (+3.0+1); serine (+0.3); asparagine
(+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); pro-
line (=0.5+1); alanine (-0.5); histidine (-0.5); cysteine
(-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8);
isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); and
tryptophan (-3.4). In making changes based upon similar
hydrophilicity values, the substitution of amino acids whose
hydrophilicity values are within %2 is preferred, those within
=1 are particularly preferred, and those within £0.5 are even
more particularly preferred. One may also identify epitopes
from primary amino acid sequences on the basis of hydro-
philicity.

Desired amino acid substitutions (whether conservative or
non-conservative) can be determined by those skilled in the
art at the time such substitutions are desired. For example,
amino acid substitutions can be used to identify important
residues of the HA protein, or to increase or decrease the
immunogenicity, solubility or stability of the HA proteins
described herein. Exemplary amino acid substitutions are
shown below in Table 1.

TABLE 1

Amino Acid Substitution:

Original Amino Acid Exemplary Substitutions
Ala Val, Leu, Ile
Arg Lys, Gln, Asn
Asn Gln
Asp Glu
Cys Ser, Ala
Gln Asn
Glu Asp
Gly Pro, Ala
His Asn, Gln, Lys, Arg
Ile Leu, Val, Met, Ala
Leu Ile, Val, Met, Ala
Lys Arg, Gln, Asn
Met Leu, Phe, Ile
Phe Leu, Val, Ile, Ala, Tyr
Pro Ala
Ser Thr, Ala, Cys
Thr Ser
Trp Tyr, Phe
Tyr Trp, Phe, Thr, Ser
Val Ile, Met, Leu, Phe, Ala

As used herein, the phrase significantly affect a proteins
activity refers to a decrease in the activity of a protein by at
least 10%, at least 20%, at least 30%, at least 40% or at least
50%. With regard to the present invention, such an activity
may be measured, for example, as the ability of a protein to
elicit neutralizing antibodies against an influenza virus. Such
activity may be measured by measuring the titer of such
antibodies against influenza virus, or by measuring the
number of types, subtypes or strains neutralized by the



US 9,441,019 B2

19

elicited antibodies. Methods of determining antibody titers
and methods of performing virus neutralization assays are
known to those skilled in the art. In addition to the activities
described above, other activities that may be measured
include the ability to agglutinate red blood cells and the
binding affinity of the protein for a cell. Methods of mea-
suring such activities are known to those skilled in the art.

As used herein, a fusion protein is a recombinant protein
containing amino acid sequence from at least two unrelated
proteins that have been joined together, via a peptide bond,
to make a single protein. The unrelated amino acid
sequences can be joined directly to each other or they can be
joined using a linker sequence. As used herein, proteins are
unrelated, if their amino acid sequences are not normally
found joined together via a peptide bond in their natural
environment(s) (e.g., inside a cell). For example, the amino
acid sequences of monomeric subunits that make up ferritin,
and the amino acid sequences of influenza hemagglutinin
proteins are not normally found joined together via a peptide
bond.

The terms individual, subject, and patient are well-recog-
nized in the art, and are herein used interchangeably to refer
to any human or other animal susceptible to influenza
infection. Examples include, but are not limited to, humans
and other primates, including non-human primates such as
chimpanzees and other apes and monkey species; farm
animals such as cattle, sheep, pigs, seals, goats and horses;
domestic mammals such as dogs and cats; laboratory ani-
mals including rodents such as mice, rats and guinea pigs;
birds, including domestic, wild and game birds such as
chickens, turkeys and other gallinaceous birds, ducks, geese,
and the like. The terms individual, subject, and patient by
themselves, do not denote a particular age, sex, race, and the
like. Thus, individuals of any age, whether male or female,
are intended to be covered by the present disclosure and
include, but are not limited to the elderly, adults, children,
babies, infants, and toddlers. Likewise, the methods of the
present invention can be applied to any race, including, for
example, Caucasian (white), African-American (black),
Native American, Native Hawaiian, Hispanic, Latino, Asian,
and European. An infected subject is a subject that is known
to have influenza virus in their body.

As used herein, a vaccinated subject is a subject that has
been administered a vaccine that is intended to provide a
protective effect against an influenza virus.

As used herein, the terms exposed, exposure, and the like,
indicate the subject has come in contact with a person of
animal that is known to be infected with an influenza virus.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual pub-
lication dates, which may need to be independently con-
firmed.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present invention, the
preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or mate-
rials in connection with which the publications are cited.
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It is appreciated that certain features of the invention,
which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable sub-combination. All combinations of the
embodiments are specifically embraced by the present
invention and are disclosed herein just as if each and every
combination was individually and explicitly disclosed. In
addition, all sub-combinations are also specifically
embraced by the present invention and are disclosed herein
just as if each and every such sub-combination was indi-
vidually and explicitly disclosed herein.

According to the present invention, vaccines are provided
that elicit a broad immune response against influenza
viruses. Some vaccines disclosed herein may elicit an
immune response against the entire HA protein, while others
may elicit an immune response against a specific region or
portion of an influenza HA protein. Moreover, the inventors
have discovered that specific fusion proteins comprising
portions of hemagglutinin protein are useful for eliciting a
broad immune response against influenza viruses. Each of
these embodiments will now be disclosed in detail below.
Vaccines Against the Stem Region of Influenza HA Protein

As stated previously, the amino acid sequence of the stem
region of the hemagglutinin protein is highly conserved
across types, sub-types and strains of influenza viruses and
contains a site of vulnerability for group 1 viruses. Thus, an
immune response directed this region of the HA protein may
protect individuals against influenza viruses from several
types, sub-types and/or strains.

Consequently, one embodiment of the present invention is
a protein that elicits an immune response against the stem
region of an influenza HA protein. In one embodiment, the
immune response can be directed against the stem region of
an HA protein from a virus selected from the group con-
sisting of influenza A viruses, influenza B viruses and
influenza C viruses. In one embodiment, the immune
response can be directed against the stem region of an HA
protein from a virus selected from the group consisting of an
H1 influenza virus, an H2 influenza virus, an influenza H3
virus, an influenza H4 virus, an influenza HS5 virus, an
influenza H6 virus, an H7 influenza virus, an H8 influenza
virus, an H9 influenza virus, an H10 influenza virus, an H11
influenza virus, an H12 influenza virus, an H13 influenza
virus, an H14 influenza virus, an H15 influenza virus and an
H16 influenza virus. In one embodiment, the immune
response can be directed against the stem region of an HA
protein from a strain of virus selected from the group of
viruses listed in Table 2.

TABLE 2
SEQ
ID NO Comments
FERRITIN
1 Coding sequence for ferritin monomeric subunit protein
from H. pylori
2 Amino acid sequence encoded by SEQ ID NO: 1
3 Complement of SEQ ID NO 1
4 Nucleic acid sequence encoding amino acids 5-167 from
SEQ ID NO: 2; Asnl9 has been replaced with Gln
5 Amino acid sequence encoded by SEQ ID NO: 3
6 Complement of SEQ ID NO 3
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TABLE 2-continued

22
TABLE 2-continued

SEQ SEQ
ID NO Comments ID NO Comments
FULL LENGTH HA 5 38 Amino acid sequence encoded by SEQ ID NO: 37
(ectodomain from hemagglutinin protein from
7 Nucleic acid sequence encoding full length hemagglutinin B/Brisbane/60/2008 (2008 Bris, B))
protein from A/New Caledonia/20/1999 (1999 NC, 39 Complement of SEQ ID NO: 37
H1)(GenBank: AY289929) FERRITIN-HA ECTODOMAIN FUSION
8 Amino acid sequence encoded by SEQ ID NO: 7 (full length
hemagglutinin protein from A/New Caledonia/20/1999 10 40 Nucleic acid sequence encoding SEQ ID NO: 41
(1999 NC, H1)(GenBank: AY289929)) 41 Amino acid sequence of ferritin-HA fusion (ectodomain
9 Complement of SEQ ID NO: 7 from hemagglutinin protein from A/New Caledonia/20/1999
ECTODOMAINS (1999 NC, H1))
42 Complement of SEQ ID NO: 40
10 Nucleic acid sequence encoding ectodomain from 43 Nucleic acid sequence encoding SEQ ID NO: 44
hemagglutinin protein from A/New Caledonia/20/1999 15 44 Amino acid sequence of ferritin-HA fusion (ectodomain
(1999 NC, H1). from hemagglutinin protein from A/California/04/2009
11 Amino acid sequence encoded by SEQ ID NO: 10 (2009 CA, H1))
(ectodomain from hemagglutinin protein from A/New 45 Complement of SEQ ID NO: 43
Caledonia/20/1999 (1999 NC, H1). Amino acids 1-517 from 46 Nucleic acid sequence encoding SEQ ID NO: 47
SEQ ID NO: 8. 47 Amino acid sequence of ferritin-HA fusion (ectodomain
12 Complement of SEQ ID NO: 10 from hemagglutinin protein from A/Singapore/1/1957 (1957
13 Nucleic acid sequence encoding ectodomain from 20 Sing, H2))
hemagglutinin protein from A/California/04/2009 (2009 48 Complement of SEQ ID NO: 46
CA, HI). 49 Nucleic acid sequence encoding SEQ ID NO: 50
14 Amino acid sequence encoded by SEQ ID NO: 13 50 Amino acid sequence of ferritin-HA fusion (ectodomain
(ectodomain from hemagglutinin protein from from hemagglutinin protein from A/Hong Kong/1/1968
A/California/04/2009 (2009 CA, H1)) (1968 HK, H3))
15 Complement of SEQ ID NO: 13 25 51 Complement of SEQ ID NO: 49
16 Nucleic acid sequence encoding ectodomain from 52 Nucleic acid sequence encoding SEQ ID NO: 53
hemagglutinin protein from A/Singapore/1/1957 (1957 Sing, 53 Amino acid sequence of ferritin-HA fusion (ectodomain
H2). from hemagglutinin protein from A/Brisbane/10/2007 (2007
17 Amino acid sequence encoded by SEQ ID NO: 16 Bris, H3))
(ectodomain from hemagglutinin protein from 54 Complement of SEQ ID NO: 52
A/Singapore/1/1957 (1957 Sing, H2)) 30 55 Nucleic acid sequence encoding SEQ ID NO: 56
18 Complement of SEQ ID NO: 16 56 Amino acid sequence of ferritin-HA fusion (ectodomain
19 Nucleic acid sequence encoding ectodomain from from hemagglutinin protein from A/Indonesia/05/2005
hemagglutinin protein from A/Hong Kong/1/1968 (1968 (2005 Indo, H5))
HK, H3). 57 Compliment of SEQ ID NO: 55
20 Amino acid sequence encoded by SEQ ID NO: 19) 58 Nucleic acid sequence encoding SEQ ID NO: 59
ectodomain from hemagglutinin protein from A/Hong 35 59 Amino acid sequence of ferritin-HA fusion protein
Kong/1/1968 (1968 HK, H3)) (ectodomain from hemagglutinin protein from
21 Complement of SEQ ID NO: 19 B/Florida/4/2006 (2006 Flo, B))
22 Nucleic acid sequence encoding ectodomain from 60 Complement of SEQ ID NO: 58
hemagglutinin protein from A/Brisbane/10/2007 (2007 Bris, 61 Nucleic acid sequence encoding SEQ ID NO: 62
H3). 62 Amino acid sequence of ferritin-HA fusion protein
23 Amino acid sequence encoded by SEQ ID NO: 22 (ectodomain from hemagglutinin protein from
(ectodomain from hemagglutinin protein from 40 A/Perth/16/2009 (2009 Per, H3))
A/Brisbane/10/2007 (2007 Bris, H3)) 63 Complement of SEQ ID NO: 61
24 Complement of SEQ ID NO: 22. 64 Nucleic acid sequence encoding SEQ ID NO: 65
25 Nucleic acid sequence encoding ectodomain from 65 Amino acid sequence of ferritin-HA fusion protein
hemagglutinin protein from A/Indonesia/05/2005 (2005 (ectodomain from hemagglutinin protein from
Indo, HS) A/Brisbane/59/2007 (2007 Bris, H1))
26 Amino acid sequence encoded by SEQ ID NO: 25 45 66 Complement of SEQ ID NO: 64
(ectodomain from hemagglutinin protein from 67 Nucleic acid sequence encoding SEQ ID NO: 68
A/Indonesia/05/2005 (2005 Indo, H5)) 68 Amino acid sequence of ferritin-HA fusion protein
27 Complement of SEQ ID NO: 25 (ectodomain from hemagglutinin protein from
28 Nucleic acid sequence encoding ectodomain from B/Brisbane/60/2008 (2008 Bris, B))
hemagglutinin protein from B/Florida/4/2006 (2006 Flo, B) 69 Complement of SEQ ID NO: 67
29 Amino acid sequence encoded by SEQ ID NO: 28 50 STEM REGION
(ectodomain from hemagglutinin protein from
B/Florida/4/2006 (2006 Flo, B)) 70 Nucleic acid molecule encoding SEQ ID NO: 71
30 Complement of SEQ ID NO: 28 71 Amino acid sequence of stem region from A/New
31 Nucleic acid sequence encoding ectodomain from Caledonia/20/1999 (1999 NC, H1)(GenBank: AY289929)
hemagglutinin protein from A/Perth/16/2009 (2009 Per, H3) 2 Complement of SEQ ID NO: 70
32 Amino acid sequence encoded by SEQ ID NO: 31 55 73 Nucleicl acid sequence encoding SEQ ID NO: 74
(ectodomain from hemagglutinin protein from 74 Amino almd sequetice of stem region from
A/Perth/16/2009 (2009 Per, H3)) A/California/04/2009 (2009 CA, H1)
75 Complement of SEQ ID NO: 73
33 Complement of SEQ ID NO: 31 . . . .
. . ) . 76 Nucleic acid sequence encoding SEQ ID NO: 77
34 Nucleic acid sequence encoding ectodomain from 77 Amino acid se st ion i
o . I . quence of stem region from
hemagglutinin protein from A/Brisbane/59/2007 (2007 Bris, A/Singapore/1/1957 (1957 Sing, H2)
HD) 60 78 Complement of SEQ ID NO: 76
35 Amino acid sequence encoded by SEQ ID NO: 34 79 Nucleic acid sequence encoding SEQ ID NO: 80
(ectodomain from hemagglutinin protein from 80 Amino acid sequence of stem region from A/Hong
A/Brisbane/59/2007 (2007 Bris, H1)) Kong/1/1968 (1968 HK, H3)
36 Complement of SEQ ID NO: 34 81 Complement of SEQ ID NO: 79
37 Nucleic acid sequence encoding ectodomain from 82 Nucleic acid sequence encoding SEQ ID NO: 83
hemagglutinin protein from B/Brisbane/60/2008 (2008 Bris, 65 83 Amino acid sequence of stem region from

B)

A/Brisbane/10/2007 (2007 Bris, H3)
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TABLE 2-continued TABLE 2-continued
SEQ SEQ
ID NO Comments ID NO Comments
84 Complement of SEQ ID NO: 82 5 135 Nucleic acid sequence encoding SEQ ID NO: 47. Nearly
85 Nucleic acid sequence encoding SEQ ID NO: 86 identical to SEQ ID NO: 46 but lacks stop codon,
86 Amino acid sequence of stem region from Synthetic (FIG. 27)
A/Indonesia/05/2005 (2005 Indo, HS) 136 Sequence of plasmid CMV8x/R-H3HK HA(519)_
87 Complement of SEQ ID NO: 85 SGG_egm Synthetic sequence (FIG. 28)
88 Nucleic acid sequence encoding SEQ ID NO: 89 137 Nucleic acid sequence encoding SEQ ID NO: 50. Nearly
89 Amino acid sequence of stem region from B/Florida/4/2006 10 identical to SEQ ID NO: 49 but lacks stop codon.
(2006 Flo, B) Synthetic (FIG. 28)
20 Complement of SEQ ID NO: 88 138 Sequence of plasmid CMV8x/R-H3Bris HA(519)_SGG_
91 Nucleic acid sequence encoding SEQ ID NO: 92 egm Synthetic sequence (FIG. 29)
92 Amino acid sequence of stem region from A/Perth/16/2009 139 Nucleic acid sequence encoding SEQ ID NO: 53. Nearly
(2009 Per, H3) identical to SEQ ID NO: 52 but lacks stop codon.
93 Complement of SEQ ID NO: 91 15 Synthetic (FIG. 29)
94 Nucleic acid sequence encoding SEQ ID NO: 95 140 Sequence of plasmid CMV8x/R-H5Indo HA/(520)_
95 Amino acid sequence of stem region from SGG_egm, Synthetic sequences (FIG. 30)
A/Brisbane/59/2007 (2007 Bris, H1) 141 Nucleic acid sequence encoding SEQ ID NO: 56. Neaarly
96 Complement of SEQ ID NO: 94 identical to SEQ ID NO: 55 but lacks stop codon.
97 Nucleic acid sequence encoding SEQ ID NO: 98 Synthetic (FIG. 30)
98 Amino acid sequence of stem region from 142 Sequence of plasmid CMV8x/R-B.Florida HA(534)_
B/Brisbane/60/2008 (2008 Bris, B) 20 SGG_egm, Synthetic sequence (FIG. 31)
99 Complement of SEQ ID NO: 97 143 Nucleic acid sequence encoding SEQ ID NO: 59. Nearly
FERRITIN- HA STEM REGION FUSION identical to SEQ ID NO: 58 but lacks stop codon.
Synthetic (FIG. 31)
100 Nucleic acid sequence encoding SEQ ID NO: 101 144 Sequence of plasmid CMV8x/R-H3-Perth HA(519)_
101 Amino acid sequence of ferritin-HA stem region fusion SGG_egm, Synthetic sequence (FIG. 32)
protein A/New Caledonia/20/1999 (1999 NC, H1) 25 145 Nucleic acid sequence encoding SEQ ID NO: 62. Nearly
102 Complement of SEQ ID NO: 100 identical to SEQ ID NO: 61 but lacks stop codon.
103 Nucleic acid sequence encoding SEQ ID NO: 104 Synthetic (FIG. 32)
104 Amino acid sequence of ferritin-HA stem region fusion 146 Sequence of plasmid CMV8x/R-H1Bris HA(517)_SGG_
protein (H1 CA) egm Synthetic sequence (FIG. 33)
105 Complement of SEQ ID NO: 103 147 Nucleic acid sequence encoding SEQ ID NO: 65. Nearly
106 Nucleic acid sequence encoding SEQ ID NO: 107 30 identical to SEQ ID NO: 64 but lacks stop codon.
107 Amino acid sequence of ferritin-HA stem region fusion Synthetic (FIG. 33)
protein (H2 Sing) 148 Sequence of plasmid CMV8x/R-B.Bris HA(535)_SGG_
108 Complement of SEQ ID NO: 106 egm Synthetic sequence (FIG. 34)
109 Nucleic acid sequence encoding SEQ ID NO: 110 149 Nucleic acid sequence encoding SEQ ID NO: 68. Nearly
110 Amino acid sequence of ferritin-HA stem region fusion identical to SEQ ID NO: 67 but lacks stop codon.
protein (H3 Hong Kong) 35 Synthetic (FIG. 34)
111 Complement of SEQ ID NO: 109 150 Sequence of plasmid CMV8x/R-HINC SS Gen4.55_
112 Nucleic acid sequence encoding SEQ ID NO: 113 SGG_egm, Synthetic sequence (Fig. 35)
113 Amino acid sequence of ferritin-HA stem region fusion 151 Nucleic acid sequence encoding SEQ ID NO: 101.
protein (HS Indonesia) Identical to SEQ ID NO: 100. Both lack stop codon.
114 Complement of SEQ ID NO: 112 (FIG. 35)
115 Nucleic acid sequence encoding SEQ ID NO: 116 40 152 Sequence of plasrlnid HICA S8/Gen4.55/Ferritin
116 Amino acid sequence of ferritin-HA stem region fusion Synthetlcl sequence (FIG. 36) .
protein (A/Brisbane/59/2007 (2007 Bris, H1)) 153 Sequence of plasrpld H1Bris SS/Gen4.55/Ferritin
117 Complement of SEQ ID NO: 115 Synthetic sequence (FIG. 37) y
118 Nucleic acid sequence encoding SEQ ID NO: 119 154 Sequence of plasrlmd H1Sing SS/Gen4.55/Ferritin
. . L . . Synthtic sequence (FIG. 38)
119 Amino acid sequence of ferritin-HA stem region fusion . . "
. . . 155 Sequence of plasmid H3Bris SS/Gen4.55/Ferritin
protein (A/Brisbane/10/2007 (2007 Bris, H3)) 45 Svntheti
ynthetic sequence (FIG. 39)
120 . Cqmplement of SEQ. ID NO: 118 156 Sequence of plasmid H1Perth SS/Gen4.55/Ferritin
121 Nucleic acid sequence encoding SEQ ID NO: 122 Synthetic sequence (FIG. 40)
122 Amino acid sequence of ferritin-HA stem region fusion 157 Sequence of plasmid H3 HK68 SS/Gen4.55/Ferritin
protein (A/Perth/16/2009 (2009 Per, H3)) Synthetic sequence (FIG. 41)
123 Complement of SEQ ID NO: 121 158 Sequence of plasmid H5Indo SS/Gen4.55/Ferritin
124 Nucleic acid sequence encoding SEQ ID NO: 125 50 Synthetic sequence (FIG. 42)
125 Amino acid sequence of ferritin-HA stem region fusion 159 Sequence of plasmid B Bris SS/Gen4.55/Ferritin
protein (B/Brisbane/60/2008 (2008 Bris, B) Synthetic sequence (FIG. 43)
126 Complement of SEQ ID NO: 124 160 Sequence of plasmid B FL SS/Gen4.55/Ferritin
127 Nucleic acid sequence encoding SEQ ID NO: 128 Synthetic sequence Synthetic sequence (FIG. 44)
128 Amino acid sequence of ferritin-HA stem region fusion
protein (B/Florida/4/2006 (2006 Flo, B)) . . .
129 Complement of SEQ ID NO: 127 One type of immune response is a B-cell response, which
130 Sequence of plasmid CMV8x/R-HINC HA(517)_SGG_ results in the production of antibodies against the antigen
 egm Synthetic sequence (FIG. 25) . that elicited the immune response. Thus, one embodiment of
131 Nuelelc acid sequence encoding SEQ ID NO: 41. Contains the present invention is a protein that elicits antibodies that
stop codon. Identical to SEQ ID NO: 40, Synthetic . . . . .
(FIG. 25) 0 pind to the stem region of influenza HA protein from a virus
132 Sequence of plasmid CMV8x/R-H1CA HA(518)_SGG_ selected from the group consisting of influenza A viruses,
egm Synthetic sequence (FIG. 26) influenza B viruses and influenza C viruses. One embodi-
133 Nuclflct,mftse‘él]laenchﬁ;(‘;dzg bSF;? U;SNtO: 44'dNeaﬂy ment of the present invention is a protein that elicits anti-
identical to SEQ (FIG. 26)11 ek siop eodor bodies that bind to the stem region of influenza HA protein
134 Sequence of plasmid CMV8x/R-H2SINGHA(514)_ 65 selected from the group consisting of an H1 influenza virus

SGG_egm, Synthetic sequence (FIG. 27)

HA protein, an H2 influenza virus HA protein, an influenza
H3 virus HA protein, an influenza H4 virus HA protein, an
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influenza HS virus HA protein, an influenza H6 virus HA
protein, an H7 influenza virus HA protein, an H8 influenza
virus HA protein, an H9 influenza virus HA protein, an H10
influenza virus HA protein HA protein, an H11 influenza
virus HA protein, an H12 influenza virus HA protein, an H13
influenza virus HA protein, an H14 influenza virus HA
protein, an H15 influenza virus HA protein and an H16
influenza virus HA protein. One embodiment of the present
invention is a protein that elicits antibodies that bind to the
stem region of influenza HA protein from a strain of virus
selected from the viruses listed in Table 2.

While all antibodies are capable of binding to the antigen
which elicited the immune response that resulted in antibody
production, preferred antibodies are those that neutralize an
influenza virus. Thus, one embodiment of the present inven-
tion is a protein that elicits neutralizing antibodies that bind
to the stem region of influenza HA protein from a virus
selected from the group consisting of influenza A viruses,
influenza B viruses and influenza C viruses. One embodi-
ment of the present invention is a protein that elicits neu-
tralizing antibodies that bind to the stem region of influenza
HA protein selected from the group consisting of an H1
influenza virus HA protein, an H2 influenza virus HA
protein, an influenza H3 virus HA protein, an influenza H4
virus HA protein, an influenza HS virus HA protein, an
influenza H6 virus HA protein, an H7 influenza virus HA
protein, an HS8 influenza virus HA protein, an H9 influenza
virus HA protein, an H10 influenza virus HA protein HA
protein, an H11 influenza virus HA protein, an H12 influenza
virus HA protein, an H13 influenza virus HA protein, an H14
influenza virus HA protein, an H15 influenza virus HA
protein and an H16 influenza virus HA protein. One embodi-
ment of the present invention is a protein that elicits neu-
tralizing antibodies that bind to the stem region of influenza
HA protein from a strain of virus selected from the viruses
listed in Table 2. One embodiment of the present invention
is a protein that elicits neutralizing antibodies that bind to a
protein comprising an amino acid sequence at least 80%
identical to a sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98. One
embodiment of the present invention is a protein that elicits
neutralizing antibodies that bind to a protein comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98.

Neutralizing antibodies elicited by proteins of the present
invention can neutralize viral infections by affecting any
step in the life cycle of the virus. For example, neutralizing
antibodies may prevent an influenza virus from attaching to
a cell, entering a cell, releasing viral ribonucleoproteins into
the cytoplasm, forming new viral particles in the infected
cell and budding new viral particles from the infected host
cell membrane. In one embodiment, neutralizing antibodies
elicited by proteins of the present invention prevent influ-
enza virus from attaching to the host cell. In one embodi-
ment, neutralizing antibodies elicited by proteins of the
present invention prevent influenza virus from entering the
host cell. In one embodiment, neutralizing antibodies elic-
ited by proteins of the present invention prevent fusion of
viral membranes with endosomal membranes. In one
embodiment, neutralizing antibodies elicited by proteins of
the present invention prevent release of ribonucleoproteins
into the cytoplasm of the host cell. In one embodiment,
neutralizing antibodies elicited by proteins of the present
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invention prevent assembly of new virus in the infected host
cell. In one embodiment, neutralizing antibodies elicited by
proteins of the present invention prevent release of newly
formed virus from the infected host cell.

Because the amino acid sequence of the stem region of
influenza virus is highly conserved, neutralizing antibodies
elicited by proteins of the present invention may be broadly
neutralizing. That is, neutralizing antibodies elicited by
proteins of the present invention may neutralize influenza
viruses of more than one type, subtype and/or strain, Thus,
one embodiment of the present invention is a protein that
elicits broadly neutralizing antibodies that bind the stem
region of influenza HA protein. One embodiment is a protein
that elicits antibodies that bind the stem region of an HA
protein from more than one type of influenza virus selected
from the group consisting of influenza type A viruses,
influenza type B viruses and influenza type C viruses. One
embodiment is a protein that elicits antibodies that bind the
stem region of an HA protein from more than one sub-type
of influenza virus selected from the group consisting of an
H1 influenza virus, an H2 influenza virus, an influenza H3
virus, an influenza H4 virus, an influenza HS5 virus, an
influenza H6 virus, an H7 influenza virus, an H8 influenza
virus, an H9 influenza virus, an H10 influenza virus, an H11
influenza virus, an H12 influenza virus, an H13 influenza
virus, an H14 influenza virus, an H15 influenza virus and an
H16 influenza virus. One embodiment is a protein that elicits
antibodies that bind the stem region of an HA protein from
more than strain of influenza virus. One embodiment is a
protein that elicits antibodies that bind the stem region of an
HA protein from more than one strain of influenza virus
selected from the viruses listed in Table 2. One embodiment
of the present invention is a protein that elicits antibodies
that bind more than one protein comprising an amino acid
sequence at least 80% identical to a sequence selected from
the group consisting of SEQ ID NO:71, SEQ ID NO:74,
SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ 1D
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID NO:95 and
SEQ ID NO:98. One embodiment of the present invention is
aprotein that elicits neutralizing antibodies that bind to more
than one protein comprising an amino acid sequence
selected from the group consisting of SEQ ID NO:71, SEQ
ID NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ 1D
NO:95 and SEQ ID NO:98.

Particularly useful proteins of the present invention are
those comprising an immunogenic portion of an influenza
HA protein. Thus, one embodiment of the present invention
is a protein comprising at least one immunogenic portion
from the stem region of influenza HA protein, wherein the
protein elicits neutralizing antibodies against an influenza
virus. Such a protein is referred to as a stem-region protein
(or a stem-region immunogen). One embodiment of the
present invention is a protein comprising at least one immu-
nogenic portion from the stem region of an HA protein from
a virus selected from the group consisting of influenza type
A viruses, influenza type B viruses and influenza type C
viruses, wherein the protein elicits neutralizing antibodies
against an influenza virus. One embodiment of the present
invention is a protein comprising at least one immunogenic
portion from the stem region of an HA protein selected from
the group consisting of an H1 influenza virus HA protein, an
H2 influenza virus HA protein, an influenza H3 virus HA
protein, an influenza H4 virus HA protein, an influenza HS
virus HA protein, an influenza H6 virus HA protein, an H7
influenza virus HA protein, an HS influenza virus HA
protein, an H9 influenza virus HA protein, an H10 influenza
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virus HA protein HA protein, an H11 influenza virus HA
protein, an H12 influenza virus HA protein, an H13 influ-
enza virus HA protein, an H14 influenza virus HA protein,
an H15 influenza virus HA protein and an H16 influenza
virus HA protein. One embodiment of the present invention
is a protein comprising at least one immunogenic portion
from the stem region of an HA protein from the viruses listed
in Table 2. One embodiment of the present invention is a
protein comprising at least one immunogenic portion from a
protein comprising an amino acid sequence at least 80%
identical to a sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98. One
embodiment of the present invention is a protein comprising
at least one immunogenic portion from a protein comprising
an amino acid sequence selected from the group consisting
of SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98. In one
embodiment, such proteins comprising immunogenic por-
tions of the HA protein elicit the production of broadly
neutralizing antibodies against influenza virus.
Immunogenic portions of proteins comprise epitopes,
which are clusters of amino acid residues that are recognized
by the immune system, thereby eliciting an immune
response. Such epitopes may consist of contiguous amino
acids residues (i.e., amino acid residues that are adjacent to
one another in the protein), or they may consist of non-
contiguous amino acid residues (i.e., amino acid residues
that are not adjacent one another in the protein) but which
are in close special proximity in the finally folded protein. It
is well understood by those skilled in the art that epitopes
require a minimum of six amino acid residues in order to be
recognized by the immune system. Thus, in one embodiment
the immunogenic portion from the influenza HA protein
comprises at least one epitope. One embodiment of the
present invention is a protein comprising at least 6 amino
acids, at least 10 amino acids, at least 25 amino acids, at least
50 amino acids, at least 75 amino acids or at least 100 amino
acids from the stem region of influenza HA protein. One
embodiment of the present invention is a protein comprising
at least 6 amino acids, at least 10 amino acids, at least 25
amino acids, at least 50 amino acids, at least 75 amino acids
or at least 100 amino acids from the stem region of an HA
protein from a virus selected from the group consisting of
influenza type A viruses, influenza type B viruses and
influenza type C viruses. One embodiment of the present
invention is a protein comprising at least 6 amino acids, at
least 10 amino acids, at least 25 amino acids, at least 50
amino acids, at least 75 amino acids or at least 100 amino
acids from the stem region of an HA protein selected from
the group consisting an H1 influenza virus HA protein, an
H2 influenza virus HA protein, an influenza H3 virus HA
protein, an influenza H4 virus HA protein, an influenza HS
virus HA protein, an influenza H6 virus HA protein, an H7
influenza virus HA protein, an HS influenza virus HA
protein, an H9 influenza virus HA protein, an H10 influenza
virus HA protein HA protein, an H11 influenza virus HA
protein, an H12 influenza virus HA protein, an H13 influ-
enza virus HA protein, an H14 influenza virus HA protein,
an H15 influenza virus HA protein and an H16 influenza
virus HA protein. One embodiment of the present invention
is a protein comprising at least 6 amino acids, at least 10
amino acids, at least 25 amino acids, at least 50 amino acids,
at least 75 amino acids or at least 100 amino acids from the
stem region of an HA protein from a strain of virus selected
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from the viruses listed in Table 2. In one embodiment, the
amino acids are contiguous amino acids from the stem
region of the HA protein. In one embodiment, such proteins
comprising at least 6 amino acids, at least 10 amino acids,
at least 25 amino acids, at least 50 amino acids, at least 75
amino acids or at least 100 amino acids from the stem region
of an HA protein elicit the production of broadly neutraliz-
ing antibodies against influenza virus. One embodiment of
the present invention is a protein comprising at least 6 amino
acids, at least 10 amino acids, at least 25 amino acids, at least
50 amino acids, at least 75 amino acids or at least 100 amino
acids from the stem region of an HA protein comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ 1D
NO:17, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26,
SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ
ID NO:38. In one embodiment, the amino acids are con-
tiguous amino acids from the stem region of the HA protein.
In one embodiment, the amino acids are non-contiguous, but
are in close spatial proximity in the final protein.

While the present application discloses the use of stem
regions from several exemplary HA proteins having specific
sequences, the invention may also be practiced using stem
regions from proteins comprising variations of the disclosed
HA sequences. Thus, one embodiment of the present inven-
tion is a stem-region protein comprising an amino acid
sequence at least 80%, at least 85%, at least 90%, at least
92%, at least 94%, at least 96%, at least 98% or at least 99%
identical the stem region of an HA protein comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ 1D
NO:17, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26,
SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ
ID NO:38. One embodiment of the present invention is a
stem-region protein comprising an amino acid sequence at
least 80%, at least 85%, at least 90%, at least 92%, at least
94%, at least 96%, at least 98% or at least 99% identical to
a sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95, and SEQ ID NO:98. One embodi-
ment of the present invention is a stem-region protein
comprising the stem region of an HA protein comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ 1D
NO:17, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26,
SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ
ID NO:38. One embodiment of the present invention is a
stem-region protein comprising an amino acid sequence
selected from the group consisting of SEQ ID NO:71, SEQ
ID NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ 1D
NO:95, and SEQ ID NO:98.

While the proteins disclosed thus far may elicit broadly
neutralizing antibodies against an influenza virus, the inven-
tors have discovered that such proteins are more stable and
easier to purify when they exist in a trimeric form. Thus, one
embodiment is a protein comprising the stem-region protein
of the present invention joined to a trimerization domain. In
one embodiment, the stem region is from an HA protein
comprising an amino acid sequence at least 80% identical,
at least 85% identical, at least 90% identical, at least 92%
identical, at least 94% identical, at least 96% identical, at
least 98% identical or at least 99% identical to a sequence
selected from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20,
SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ 1D
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NO:32, SEQ ID NO:35, and SEQ ID NO:38. In one embodi-
ment, the stem region is from an HA protein comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ 1D
NO:17, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26,
SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ
ID NO:38. In one embodiment, the stem region protein
comprises an amino acid sequence at least 80% identical, at
least 85% identical, at least 90% identical, at least 92%
identical, at least 94% identical, at least 96% identical, at
least 98% identical or at least 99% identical to an amino acid
sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95, and SEQ ID NO:98. In one embodi-
ment, the stem region protein comprises an amino acid
sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95, and SEQ ID NO:98. In one embodi-
ment, the trimerization domain is selected from the group
consisting of the HIV-1 gp41 trimerization domain, the SIV
gp4l trimerization domain, the Ebola virus gp-2 trimeriza-
tion domain, the HTLV-1 gp-21 trimerization domain, the T4
fibritin trimerization domain (i.e., foldon), the yeast heat
shock transcription factor trimerization domain, and the
human collagen trimerization domain. In one embodiment,
the trimerization domain is an HIV gp4l trimerization
domain.

The inventors have also found that, in some instances,
stem region proteins of the present invention may be more
stable when joined to at least part of the head region of the
HA protein. Thus, one embodiment of the present invention
is a protein comprising a stem region protein joined to the
head region of an HA protein and a trimerization domain. In
one embodiment, the stem region protein is from an HA
protein comprising an amino acid sequence at least 80%
identical, at least 85% identical, at least 90% identical, at
least 92% identical, at least 94% identical, at least 96%
identical, at least 98% identical or at least 99% identical to
a sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
NO:38. In one embodiment, the stem region protein is from
an HA protein comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID NO:11,
SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ 1D
NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ ID NO:32,
SEQ ID NO:35, and SEQ ID NO:38. In one embodiment,
the stem region protein comprises an amino acid sequence at
least 80% identical, at least 85% identical, at least 90%
identical, at least 92% identical, at least 94% identical, at
least 96% identical, at least 98% identical or at least 99%
identical to an amino acid sequence selected from the group
consisting of SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID NO:86,
SEQ ID NO:89, SEQ ID NO:92, SEQ ID NO:95, and SEQ
ID NO:98. In one embodiment, the stem region protein
comprises an amino acid sequence selected from the group
consisting of SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID NO:86,
SEQ ID NO:89, SEQ ID NO:92, SEQ ID NO:95, and SEQ
1D NO:98.

In some embodiments of the present invention, the vari-
ous protein domains (e.g., stem region protein, trimerization
domain, head region, etc.) may be joined directly to one
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another. In other embodiments, it may be necessary to
employ linkers (also referred to as a spacer sequences) so
that the various domains are in the proper special orienta-
tion. The linker sequence is designed to position the hemag-
glutinin protein in such a way to that it maintains the ability
to elicit an immune response to the influenza virus. Linker
sequences of the present invention comprise amino acids.
Preferable amino acids to use are those having small side
chains and/or those which are not charged. Such amino acids
are less likely to interfere with proper folding and activity of
the fusion protein. Accordingly, preferred amino acids to use
in linker sequences, either alone or in combination are
serine, glycine and alanine Examples of such linker
sequences include, but are not limited to, SGG, GSG, GG
and NGTGGSG. Amino acids can be added or subtracted as
needed. Those skilled in the art are capable of determining
appropriate linker sequences for proteins of the present
invention.

One embodiment of the present invention is a fusion
protein comprising a stem region protein joined to at least a
portion of the head region of an HA protein and a trimeriza-
tion domain, wherein the fusion protein comprises one or
more linker sequences. In one embodiment, the stem region
protein is from an HA protein comprising an amino acid
sequence at least 80% identical, at least 85% identical, at
least 90% identical, at least 92% identical, at least 94%
identical, at least 96% identical, at least 98% identical or at
least 99% identical to a sequence selected from the group
consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38. In one embodiment, the stem
region protein is from an HA protein comprising an amino
acid sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
NO:38. In one embodiment, the stem region protein com-
prises an amino acid sequence at least 80% identical, at least
85% identical, at least 90% identical, at least 92% identical,
at least 94% identical, at least 96% identical, at least 98%
identical or at least 99% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:71, SEQ
ID NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ 1D
NO:95, and SEQ ID NO:98. In one embodiment, the stem
region protein comprises an amino acid sequence selected
from the group consisting of SEQ ID NO:71, SEQ ID
NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ 1D
NO:95, and SEQ ID NO:98. In one embodiment, the linker
is selected from the group consisting of GG, GSG and
NGTGGSG. In one embodiment, the protein elicits antibod-
ies that neutralize at least one virus that is a different Type,
sub-type or strain than the Type, sub-type or strain of the
virus from which the HA protein was obtained.

Vaccines Comprising HA-Ferritin Fusion Proteins

The inventors have also discovered that fusion of influ-
enza HA protein with ferritin protein (HA-ferritin fusion
protein) results in a vaccine that elicits a robust immune
response to influenza virus. Such HA-ferritin fusion proteins
self-assemble into nanoparticles that display immunogenic
portions of influenza hemagglutinin protein on their surface.
These nanoparticles are useful for vaccinating individuals
against a broad range of influenza viruses. Thus, one
embodiment of the present invention is an HA-ferritin fusion
protein comprising a monomeric ferritin subunit disclosed
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herein joined to an influenza hemagglutinin protein dis-
closed herein, wherein the HA-ferritin fusion protein is
capable of self-assembling into nanoparticles.

Ferritin is a globular protein found in all animals, bacteria,
and plants, that acts primarily to control the rate and location
of polynuclear Fe(IlI),O; formation through the transporta-
tion of hydrated iron ions and protons to and from a
mineralized core. The globular form of ferritin is made up of
monomeric subunit proteins (also referred to as monomeric
ferritin subunits), which are polypeptides having a molecule
weight of approximately 17-20 kDa. An example of the
sequence of one such monomeric ferritin subunit is repre-
sented by SEQ ID NO:2. Each monomeric ferritin subunit
has the topology of a helix bundle which includes a four
antiparallel helix motif, with a fifth shorter helix (the c-ter-
minal helix) lying roughly perpendicular to the long axis of
the 4 helix bundle. According to convention, the helices are
labeled ‘A, B, C, and D & E’ from the N-terminus respec-
tively. The N-terminal sequence lies adjacent to the capsid
three-fold axis and extends to the surface, while the E
helices pack together at the four-fold axis with the C-termi-
nus extending into the particle core. The consequence of this
packing creates two pores on the capsid surface. It is
expected that one or both of these pores represent the point
by which the hydrated iron diffuses into and out of the
capsid. Following production, these monomeric ferritin sub-
unit proteins self-assemble into the globular ferritin protein.
Thus, the globular form of ferritin comprises 24 monomeric,
ferritin subunit proteins, and has a capsid-like structure
having 432 symmetry.

According to the present invention, a monomeric ferritin
subunit of the present invention is a full length, single
polypeptide of a ferritin protein, or any portion thereof,
which is capable of directing self-assembly of monomeric
ferritin subunits into the globular form of the protein. Amino
acid sequences from monomeric ferritin subunits of any
known ferritin protein can be used to produce fusion pro-
teins of the present invention, so long as the monomeric
ferritin subunit is capable of self-assembling into a nano-
particle displaying hemagglutinin on its surface. In one
embodiment, the monomeric subunit is from a ferritin pro-
tein selected from the group consisting of a bacterial ferritin
protein, a plant ferritin protein, an algal ferritin protein, an
insect ferritin protein, a fungal ferritin protein and a mam-
malian ferritin protein. In one embodiment, the ferritin
protein is from Helicobacter pylori.

HA-ferritin fusion proteins of the present invention need
not comprise the full-length sequence of a monomeric
subunit polypeptide of a ferritin protein. Portions, or
regions, of the monomeric ferritin subunit protein can be
utilized so long as the portion comprises an amino acid
sequence that directs self-assembly of monomeric ferritin
subunits into the globular form of the protein. One example
of such a region is located between amino acids 5 and 167
of the Helicobacter pylori ferritin protein. More specific
regions are described in Zhang, Y. Self-Assembly in the
Ferritin Nano-Cage Protein Super Family. 2011, Int. J. Mol.
Sci., 12, 5406-5421, which is incorporated herein by refer-
ence in its entirety.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising an HA protein of the
present invention joined to at least 25 contiguous amino
acids, at least 50 contiguous amino acids, at least 75 con-
tiguous amino acids, at least 100 contiguous amino acids, or
at least 150 contiguous amino acids from a monomeric
ferritin subunit, wherein the HA-ferritin fusion protein is
capable of self-assembling into nanoparticles. One embodi-
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ment of the present invention is an HA-ferritin fusion
protein comprising an HA protein of the present invention
joined to at least 25 contiguous amino acids, at least 50
contiguous amino acids, at least 75 contiguous amino acids,
at least 100 contiguous amino acids, or at least 150 con-
tiguous amino acids from the region of a ferritin protein
corresponding to the amino acid sequences of the Helico-
bacter pylori ferritin monomeric subunit that direct self-
assembly of the monomeric subunits into the globular form
of'the ferritin protein, wherein the HA-ferritin fusion protein
is capable of self-assembling into nanoparticles. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising an HA protein of the present invention
joined to at least 25 contiguous amino acids, at least 50
contiguous amino acids, at least 75 contiguous amino acids,
at least 100 contiguous amino acids, or at least 150 con-
tiguous amino acids from SEQ ID NO:2 that are capable of
directing self-assembly of the monomeric subunits into the
globular ferritin protein, wherein the HA-ferritin fusion
protein is capable of self-assembling into nanoparticles. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising an HA-protein of the present invention
joined to at least 25 contiguous amino acids, at least 50
contiguous amino acids, at least 75 contiguous amino acids,
at least 100 contiguous amino acids, or at least 150 con-
tiguous amino acids from amino acid residues 5-167 of SEQ
ID NO:2, wherein the HA-ferritin fusion protein is capable
of self-assembling into nanoparticles. One embodiment of
the present invention is an HA-ferritin fusion protein com-
prising an HA protein of the present invention joined to at
least 25 contiguous amino acids, at least 50 contiguous
amino acids, at least 75 contiguous amino acids, at least 100
contiguous amino acids, or at least 150 contiguous amino
acids from SEQ ID NO:5, wherein the HA-ferritin fusion
protein is capable of self-assembling into nanoparticles. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising an HA protein of the present invention
joined to amino acid residues 5-167 from SEQ ID NO:2, or
SEQ ID NO:5, wherein the HA-ferritin fusion protein is
capable of self-assembling into nanoparticles. As has been
previously discussed, it is well-known in the art that some
variations can be made in the amino acid sequence of a
protein without affecting the activity of the protein. Such
variations include insertion of amino acid residues, deletions
of amino acid residues, and substitutions of amino acid
residues. Thus, in one embodiment, the sequence of the
monomeric ferritin subunit is divergent enough from the
sequence of a ferritin subunit naturally found in a mammal,
such that when the variant monomeric ferritin subunit is
introduced into the mammal, it does not result in the
production of antibodies that react with the mammal’s
natural ferritin protein. According to the present invention,
such a monomeric subunit is referred to as immunogenically
neutral. One embodiment of the present invention is an
HA-ferritin fusion protein comprising an HA protein of the
present invention joined to an amino acid sequence at least
80%, at least 85%, at least 90%, at least 95%, and at least
97% identical to the amino acid sequence of a monomeric
ferritin subunit that is responsible for directing self-assem-
bly of the monomeric ferritin subunits into the globular form
of the protein, wherein the HA-ferritin fusion protein is
capable of self-assembling into nanoparticles. In one
embodiment, the HA-ferritin fusion protein comprises a
polypeptide sequence identical in sequence to a monomeric
ferritin subunit. One embodiment of the present invention is
an HA-ferritin fusion protein comprising an HA protein of
the present invention joined to an amino acid sequence at
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least 80%, at least 85%, at least 90%, at least 95%, and at
least 97% identical to the amino acid sequence of a mono-
meric ferritin subunit from Helicobacter pylori, wherein the
HA-ferritin fusion protein is capable of self-assembling into
nanoparticles. One embodiment of the present invention is
an HA-ferritin fusion protein comprising an HA protein of
the present invention joined to an amino acid sequence at
least 80%, at least 85%, at least 90%, at least 95%, and at
least 97% identical to a sequence selected from amino acid
residues 5-167 from SEQ ID NO:2 and SEQ ID NO:5,
wherein the HA-ferritin fusion protein is capable of self-
assembling into nanoparticles. One embodiment of the pres-
ent invention is an HA-ferritin fusion protein comprising an
HA protein of the present invention joined to a sequence
selected from amino acid residues 5-167 from SEQ ID NO:2
and SEQ ID NO:5.

In some embodiments, it may be useful to engineer
mutations into the amino acid sequences of proteins of the
present invention. For example, it may be useful to alter sites
such as enzyme recognition sites or glycosylation sites in the
monomeric ferritin subunit, the trimerization domain, or
linker sequences, in order to give the fusion protein benefi-
cial properties (e.g., solubility, half-life, mask portions of the
protein from immune surveillance). In this regard, it is
known that the monomeric subunit of ferritin is not glyco-
sylated naturally. However, it can be glycosylated if it is
expressed as a secreted protein in mammalian or yeast cells.
Thus, in one embodiment, potential N-linked glycosylation
sites in the amino acid sequences from the monomeric
ferritin subunit are mutated so that the mutated ferritin
subunit sequences are no longer glycosylated at the mutated
site. One such sequence of a mutated monomeric ferritin
subunit is represented by SEQ ID NO:5.

According to the present invention, the hemagglutinin
protein portion of HA-ferritin fusion proteins of the present
invention can be from any influenza virus, so long as the
HA-ferritin fusion protein elicits an immune response
against an influenza virus. Thus, one embodiment of the
preset invention is an HA-ferritin fusion protein comprising
a ferritin protein of the present invention joined to an amino
acid sequence from an HA protein from an influenza A virus,
an influenza B virus or an influenza C virus. One embodi-
ment of the preset invention is an HA-ferritin fusion protein
comprising a ferritin protein of the present invention joined
to an amino acid sequence from an influenza A Group 1 virus
HA protein. One embodiment of the preset invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to an amino acid sequence from
an influenza A Group 2 virus HA protein. One embodiment
of the preset invention is an HA-ferritin fusion protein
comprising a ferritin protein of the present invention joined
to an amino acid sequence from an HA protein selected from
the group consisting of an H1 influenza virus HA protein, an
H2 influenza virus HA protein, an HS influenza virus HA
protein, an H7 virus influenza HA protein and an H9
influenza virus HA protein. One embodiment of the preset
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to an amino
acid sequence from an HA protein selected from the group
consisting of an H3 influenza virus HA protein, an H4
influenza virus HA protein, an H6 influenza virus HA
protein, an H8 influenza virus HA protein, an H10 influenza
virus HA protein, an H11 influenza virus HA protein, an H12
influenza virus HA protein, an H13 influenza virus HA
protein, an H14 influenza virus HA protein, an H15 influ-
enza virus HA protein, and an H15 influenza virus HA
protein. One embodiment of the preset invention is an
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HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to an amino acid sequence of an
HA protein from a virus listed in Table 2.

Preferred hemagglutinin proteins to use in constructing
HA-ferritin fusion proteins of the present invention are those
that elicit an immune response against an influenza virus.
Even more preferred hemagglutinin proteins are those that
are capable of eliciting antibodies to an influenza virus. One
embodiment of the present invention is an HA-ferritin fusion
protein that elicits antibodies to a virus selected from the
group consisting of influenza A viruses, influenza B viruses
and influenza C viruses. One embodiment of the present
invention is a HA-ferritin fusion protein that elicits antibod-
ies to a virus selected from the group consisting of an H1
influenza virus, an H2 influenza virus, an influenza H3 virus,
an influenza H4 virus, an influenza H5 virus, an influenza H6
virus, an H7 influenza virus, an HS influenza virus, an H9
influenza virus, an H10 influenza virus, an H11 influenza
virus, an H12 influenza virus, an H13 influenza virus, an
H14 influenza virus, an H15 influenza virus and an H16
influenza virus. One embodiment of the present invention is
an HA-ferritin fusion protein that elicits antibodies to a virus
listed in Table 2. Preferred antibodies elicited by HA-ferritin
fusion proteins of the present invention are those that
neutralize an influenza virus. Thus, one embodiment of the
present invention is an HA-ferritin fusion protein that elicits
neutralizing antibodies to a virus selected from the group
consisting of influenza A viruses, influenza B viruses and
influenza C viruses. One embodiment of the present inven-
tion is an HA-ferritin fusion protein that elicits neutralizing
antibodies to a virus having a subtype selected from the
group consisting of an H1 influenza virus, an H2 influenza
virus, an influenza H3 virus, an influenza H4 virus, an
influenza HS virus, an influenza H6 virus, an H7 influenza
virus, an H8 influenza virus, an H9 influenza virus, an H10
influenza virus, an H11 influenza virus, an H12 influenza
virus, an H13 influenza virus, an H14 influenza virus, an
H15 influenza virus and an H16 influenza virus. One
embodiment of the present invention is an HA-ferritin fusion
protein that elicits neutralizing antibodies to a virus listed in
Table 2.

As has been discussed, neutralizing antibodies elicited by
a HA-ferritin fusion protein of the present invention can
neutralize viral infections by affecting any step in the life
cycle of the virus. Thus, in one embodiment of the present
invention, an HA-ferritin fusion protein elicits neutralizing
antibodies that prevent influenza virus from attaching to the
host cell. In one embodiment of the present invention, an
HA-ferritin fusion protein may elicit neutralizing antibodies
that prevent influenza virus from entering the host cell. In
one embodiment of the present invention, an HA-ferritin
fusion protein may elicit neutralizing antibodies that prevent
fusion of viral membranes with endosomal membranes. In
one embodiment of the present invention, an HA-ferritin
fusion protein may elicit neutralizing antibodies that prevent
influenza virus from releasing ribonucleoproteins into the
cytoplasm of the host cell. In one embodiment of the present
invention, an HA-ferritin fusion protein may elicit neutral-
izing antibodies that prevent assembly of new virus in the
infected host cell. In one embodiment of the present inven-
tion, an HA-ferritin fusion protein may elicit neutralizing
antibodies that prevent release of newly formed virus from
the infected host cell.

Preferred HA-ferritin fusion proteins of the present inven-
tion are those that elicit broadly neutralizing antibodies.
Thus, one embodiment is an HA-ferritin fusion protein that
elicits antibodies that neutralizes more than one type of
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influenza virus selected from the group consisting of influ-
enza type A viruses, influenza type B viruses and influenza
type C viruses. One embodiment is an HA-ferritin fusion
protein that elicits antibodies that neutralize more than one
sub-type of influenza virus selected from the group consist-
ing of an H1 influenza virus, an H2 influenza virus, an
influenza H3 virus, an influenza H4 virus, an influenza H5
virus, an influenza H6 virus, an H7 influenza virus, an H8
influenza virus, an H9 influenza virus, an H10 influenza
virus, an H11 influenza virus, an H12 influenza virus, an
H13 influenza virus, an H14 influenza virus, an H15 influ-
enza virus and an H16 influenza virus. One embodiment is
an HA-ferritin protein that elicits antibodies that neutralize
from more than one strain of influenza virus selected from
the viruses listed in Table 2.

It will be understood by those skilled in the art that
particularly useful HA-ferritin useful proteins of the present
invention are those comprising an immunogenic portion of
influenza HA protein. Thus, one embodiment of the present
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to at least one
immunogenic portion of an influenza HA protein. One
embodiment of the present invention is an HA-ferritin
protein comprising a ferritin protein of the present invention
joined to at least one immunogenic portion of an HA protein
from a virus selected from the group consisting of influenza
type A viruses, influenza type B viruses and influenza type
C viruses. One embodiment of the present invention is an
HA-ferritin protein comprising a ferritin protein of the
present invention joined to at least one immunogenic portion
of'an HA protein selected from the group consisting of an H1
influenza virus HA protein, an H2 influenza virus HA
protein, an HS influenza virus HA protein, an H7 virus
influenza HA protein and an H9 influenza virus HA protein.
One embodiment of the preset invention is an HA-ferritin
fusion protein comprising a ferritin protein of the present
invention joined to at least one immunogenic portion of an
HA protein selected from the group consisting of an H3
influenza virus HA protein, an H4 influenza virus HA
protein, an H6 influenza virus HA protein, an H8 influenza
virus HA protein, an H10 influenza virus HA protein, an H11
influenza virus HA protein, an H12 influenza virus HA
protein, an H13 influenza virus HA protein, an H14 influ-
enza virus HA protein, an H15 influenza virus HA protein,
and an H16 influenza virus HA protein, joined to a ferritin
protein of the present invention. One embodiment of the
present invention is an HA-ferritin protein comprising a
ferritin protein of the present invention joined to at least one
immunogenic portion of an HA protein from virus listed in
Table 2. In one embodiment, an HA-ferritin fusion protein
comprising an immunogenic portion of an HA protein elicits
the production of broadly neutralizing antibodies against
influenza virus.

Immunogenic portions of proteins comprise epitopes,
which are clusters of amino acid residues that are recognized
by the immune system, thus eliciting an immune response.
Such epitopes may consist of contiguous amino acids resi-
dues (i.e., amino acid residues that are adjacent to one
another in the protein), or they may consist of non-contigu-
ous amino acid residues (i.e., amino acid residues that are
not adjacent one another in the protein) but which are in
close special proximity in the finally folded protein. It is well
understood by those skilled in the art that such epitopes
require a minimum of six amino acid residues in order to be
recognized by the immune system. Thus, one embodiment
of the present invention is an HA-ferritin fusion comprising
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an immunogenic portion from the influenza HA protein,
wherein the immunogenic portion comprises at least one
epitope.

It is known in the art that some variation in a protein
sequence can be tolerated without significantly affecting the
activity of the protein. Thus, one embodiment of the present
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to an amino
acid sequence that is a variant of an HA protein from a virus
selected from the group consisting of influenza Type A
viruses influenza Type B viruses and influenza type C
viruses. One embodiment of the present invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to an amino acid sequence at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 97% or at least about 99%
identical to the sequence of a HA protein from a virus
selected from the group consisting of influenza Type A
viruses influenza Type B viruses and influenza type C
viruses, wherein the HA-ferritin fusion protein elicits the
production of neutralizing antibodies against an influenza
protein. One embodiment of the present invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to an amino acid sequence at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 97% or at least about 99%
identical to the sequence of a HA protein selected from the
group consisting an H1 influenza virus HA protein, an H2
influenza virus HA protein, an HS influenza virus HA
protein, an H7 virus influenza HA protein and an H9
influenza virus HA protein, wherein the HA-ferritin fusion
protein elicits the production of neutralizing antibodies
against an influenza protein. One embodiment of the present
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to an amino
acid sequence at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 97% or at least
about 99% identical to the sequence of a HA protein selected
from the group consisting of an H3 influenza virus HA
protein, an H4 influenza virus HA protein, an H6 influenza
virus HA protein, an H8 influenza virus HA protein, an H10
influenza virus HA protein, an H11 influenza virus HA
protein, an H12 influenza virus HA protein, an H13 influ-
enza virus HA protein, an H14 influenza virus HA protein,
an H15 influenza virus HA protein, and an H16 influenza
virus HA protein, joined to a ferritin protein of the present
invention, wherein the HA-ferritin fusion protein elicits the
production of neutralizing antibodies against an influenza
protein. One embodiment of the present invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to an amino acid sequence at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 97% or at least about 99%
identical to the sequence of a HA protein from a virus listed
in Table 2, wherein the HA-ferritin fusion protein elicits the
production of neutralizing antibodies against an influenza
protein. One embodiment of the present invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to amino acid sequence at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 97% or at least about 99% identical
to a sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
NO:38, wherein the HA-ferritin fusion protein elicits the
production of neutralizing antibodies against an influenza
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protein. One embodiment of the present invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID NO:11,
SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ 1D
NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ ID NO:32,
SEQ ID NO:35, and SEQ ID NO:38.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising an amino acid sequence at
least 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 97% or at least about 99% identical
to a sequence selected from the group consisting of SEQ 1D
NO:41, SEQ ID NO:44, SEQ 1D NO:47, SEQ ID NO:50,
SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59, SEQ 1D
NO:62, SEQ ID NO:65, and SEQ ID NO:68. One embodi-
ment of the present invention is an HA-ferritin fusion
protein comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:41, SEQ ID NO:44,
SEQ ID NO:47, SEQ ID NO:50, SEQ ID NO:53, SEQ 1D
NO:56, SEQ ID NO:59, SEQ ID NO:62, SEQ ID NO:65,
and SEQ ID NO:68.

It is known in the art that influenza hemagglutinin pro-
teins have various regions, or domains, each possessing
specific activities. For example, the globular head extends
out from the lipid membrane and comprises two domains:
the receptor binding domain (RBD) and the vestigial
esterase domain. The RB domain is involved in binding of
the HA protein to receptors. The globular head also includes
several antigenic sites that include immunodominant
epitopes. The stem region is responsible for anchoring the
HA protein into the viral lipid envelope. Thus, it will be
understood by those skilled in the art that HA-ferritin fusion
proteins of the present invention need not comprise the
entire sequence of the HA protein. Instead, an HA-ferritin
fusion protein can comprise only those portions, regions,
domains, and the like, that contain the necessary activities
for practicing the present invention. For example, an HA-
ferritin fusion protein may contain only those amino acid
sequences from the HA protein that contain antigenic sites,
epitopes, immunodominant epitopes, and the like.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising a ferritin protein of the
present invention joined to at least 25 amino acids, at least
50 amino acids, at least 75 amino acids, at least 100 amino
acids, at least 150 amino acids, at least 200 amino acids, at
least 300 amino acids, at least 400 amino acids, or at least
500 amino acids from an HA protein from a virus selected
from the group consisting of influenza Type A viruses
influenza Type B viruses and influenza type C viruses,
wherein the HA-ferritin fusion protein elicits the production
of neutralizing antibodies against an influenza protein. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to at least 25 amino acids, at least 50 amino acids, at
least 75 amino acids, at least 100 amino acids, at least 150
amino acids, at least 200 amino acids, at least 300 amino
acids, at least 400 amino acids, or at least 500 amino acids
from an HA protein selected from the group consisting an
H1 influenza virus HA protein, an H2 influenza virus HA
protein, an HS influenza virus HA protein, an H7 virus
influenza HA protein and an H9 influenza virus HA protein,
wherein the HA-ferritin fusion protein elicits the production
of neutralizing antibodies against an influenza protein. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to at least 25 amino acids, at least 50 amino acids, at
least 75 amino acids, at least 100 amino acids, at least 150
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amino acids, at least 200 amino acids, at least 300 amino
acids, at least 400 amino acids, or at least 500 amino acids
from an HA protein selected from the group consisting of an
H3 influenza virus HA protein, an H4 influenza virus HA
protein, an H6 influenza virus HA protein, an H8 influenza
virus HA protein, an H10 influenza virus HA protein, an H11
influenza virus HA protein, an H12 influenza virus HA
protein, an H13 influenza virus HA protein, an H14 influ-
enza virus HA protein, an H15 influenza virus HA protein,
and an H16 influenza virus HA protein, wherein the HA-
ferritin fusion protein elicits the production of neutralizing
antibodies against an influenza protein. One embodiment of
the present invention is an HA-ferritin fusion protein com-
prising a ferritin protein of the present invention joined to at
least 25 amino acids, at least 50 amino acids, at least 75
amino acids, at least 100 amino acids, at least 150 amino
acids, at least 200 amino acids, at least 300 amino acids, at
least 400 amino acids, or at least 500 amino acids from and
HA protein from a virus listed in Table 2, wherein the
HA-ferritin fusion protein elicits the production of neutral-
izing antibodies against in influenza virus. One embodiment
of the present invention is an HA-ferritin fusion protein
comprising a ferritin protein of the present invention joined
to at least 25 amino acids, at least 50 amino acids, at least
75 amino acids, at least 100 amino acids, at least 150 amino
acids, at least 200 amino acids, at least 300 amino acids, at
least 400 amino acids, or at least 500 amino acids from a
protein consisting of a sequence selected from the group
consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising a ferritin protein of the
present invention joined to at least one domain from a HA
protein from a virus listed in Table 2, wherein the domain is
selected from the group consisting of an ectodomain, an
RDB domain, a stem domain, and a domain comprising the
region stretching from the amino acid residue immediately
distal to the last amino acid of second helical coil to the
amino acid residue proximal to the first amino acid of the
transmembrane domain. According to the present invention,
an ectodomain of an influenza hemagglutinin protein refers
to the portion of the hemagglutinin protein that lies outside
its transmembrane domain. In one embodiment, the HA-
ferritin fusion protein comprises a ferritin protein of the
present invention joined to a region of a HA protein from a
virus listed in Table 2, wherein the region consists of the
amino acid immediately distal to the last amino acid of the
second helical coiled coil and proximal to the first amino
acid of the transmembrane domain. In one embodiment, the
HA-ferritin fusion protein comprises a ferritin protein of the
present invention joined to a region of a HA protein from a
virus listed in Table 2, wherein the region comprises an
amino acid sequence distal to the second helical coiled coil
and proximal to the transmembrane domain. In one embodi-
ment, the HA-ferritin fusion protein comprises a ferritin
protein of the present invention joined to the ectodomain of
a HA protein from a virus listed in Table 2. One embodiment
of the present invention is an HA-ferritin fusion protein
comprising a ferritin protein of the present invention joined
a sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
NO:38.



US 9,441,019 B2

39

The stem region of an influenza HA protein is a particu-
larly useful domain for constructing fusion proteins of the
present invention. Thus, one embodiment of the present
invention is a ferritin protein of the present invention joined
to at least one immunogenic portion from the stem region of
influenza HA protein. According to the preset invention,
such a protein is referred to an HA SS-ferritin fusion protein.
As used herein, the HA stem region of the hemagglutinin
protein consists of the amino acids from the membrane up to
the head region of the protein. More specifically, the stem
region consists of the amino terminal amino acid up to the
cysteine at position 52, and all residues after the cysteine
residue at position 277 (using standard H3 numbering).
Sequences of exemplary stem regions are represented by
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising a ferritin protein of the
present invention joined to at least 25 amino acids, at least
50 amino acids, at least 75 amino acids, at least 100 amino
acids, at least 150 amino acids, or at least 200 amino acids
from the stem region of an HA protein from a virus selected
from the group consisting of influenza Type A viruses
influenza Type B viruses and influenza type C viruses,
wherein the HA-ferritin fusion protein elicits the production
of neutralizing antibodies against an influenza protein. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to at least 25 amino acids, at least 50 amino acids, at
least 75 amino acids, at least 100 amino acids, at least 150
amino acids, or at least 200 amino acids from the stem
region of an HA protein selected from the group consisting
an H1 influenza virus HA protein, an H2 influenza virus HA
protein, an HS influenza virus HA protein, an H7 virus
influenza HA protein and an H9 influenza virus HA protein,
wherein the HA-ferritin fusion protein elicits the production
of neutralizing antibodies against an influenza protein. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to at least 25 amino acids, at least 50 amino acids, at
least 75 amino acids, at least 100 amino acids, at least 150
amino acids, or at least 200 amino acids from the stem
region of an HA protein selected from the group consisting
of an H3 influenza virus HA protein, an H4 influenza virus
HA protein, an H6 influenza virus HA protein, an H8
influenza virus HA protein, an H10 influenza virus HA
protein, an H11 influenza virus HA protein, an H12 influenza
virus HA protein, an H13 influenza virus HA protein, an H14
influenza virus HA protein, an H15 influenza virus HA
protein, and an H16 influenza virus HA protein, wherein the
HA-ferritin fusion protein elicits the production of neutral-
izing antibodies against an influenza protein. One embodi-
ment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to at least 25 amino acids, at least 50 amino acids, at
least 75 amino acids, at least 100 amino acids, at least 150
amino acids, or at least 200 amino acids from the stem
region of an HA protein from a virus listed in Table 2,
wherein the HA-ferritin fusion protein elicits the production
of neutralizing antibodies against in influenza virus. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to at least 25 amino acids, at least 50 amino acids, at
least 75 amino acids, at least 100 amino acids, at least 150
amino acids, or at least 200 amino acids from the stem
region of an HA protein comprising a sequence selected
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from the group consisting of SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38. One embodiment of the present
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to at least 25
amino acids, at least 50 amino acids, at least 75 amino acids,
at least 100 amino acids, at least 150 amino acids, or at least
200 amino acids from the stem region comprising a
sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95 and SEQ ID NO:98.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising a ferritin protein of the
present invention joined to an amino acid sequence at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 97% or at least about 99% identical
to the sequence of the stem region of an HA protein from a
virus selected from the group consisting of influenza Type A
viruses influenza Type B viruses and influenza type C
viruses, wherein the Ha-ferritin fusion protein elicits the
production of neutralizing antibodies against an influenza
protein. One embodiment of the present invention is an
HA-ferritin fusion protein comprising a ferritin protein of
the present invention joined to an amino acid sequence at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 97% or at least about 99%
identical to the sequence of the stem region of an HA protein
selected from the group consisting an H1 influenza virus HA
protein, an H2 influenza virus HA protein, an HS influenza
virus HA protein, an H7 virus influenza HA protein and an
H9 influenza virus HA protein, wherein the Ha-ferritin
fusion protein elicits the production of neutralizing antibod-
ies against an influenza protein. One embodiment of the
present invention is an HA-ferritin fusion protein compris-
ing a ferritin protein of the present invention joined to an
amino acid sequence at least about 80%, at least about 85%,
at least about 90%, at least about 95%, at least about 97% or
at least about 99% identical to the sequence of the stem
region of an HA protein selected from the group consisting
of an H3 influenza virus HA protein, an H4 influenza virus
HA protein, an H6 influenza virus HA protein, an H8
influenza virus HA protein, an H10 influenza virus HA
protein, an H11 influenza virus HA protein, an H12 influenza
virus HA protein, an H13 influenza virus HA protein, an H14
influenza virus HA protein, an H15 influenza virus HA
protein, and an H16 influenza virus HA protein, joined to a
ferritin protein of the present invention, wherein the HA-
ferritin fusion protein elicits the production of neutralizing
antibodies against an influenza protein. One embodiment of
the present invention is an HA-ferritin fusion protein com-
prising a ferritin protein of the present invention joined to an
amino acid sequence at least about 80%, at least about 85%,
at least about 90%, at least about 95%, at least about 97% or
at least about 99% identical to the sequence of the stem
region of an HA protein from a virus listed in Table 2,
wherein the HA-ferritin fusion protein elicits the production
of neutralizing antibodies against an influenza protein. One
embodiment of the present invention is an HA-ferritin fusion
protein comprising a ferritin protein of the present invention
joined to an amino acid sequence at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 97% or at least about 99% identical to the stem region
of an HA protein comprising an amino acid sequence
selected from the group consisting of SEQ ID NO:11, SEQ
ID NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
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SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38, wherein the HA-ferritin fusion
protein elicits the production of neutralizing antibodies
against an influenza protein. One embodiment of the present
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to an amino
acid sequence at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 97% or at least
about 99% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:71, SEQ ID
NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ 1D NO:89, SEQ ID NO:92, SEQ 1D
NO:95 and SEQ ID NO:98, wherein the HA-ferritin fusion
protein elicits the production of neutralizing antibodies
against an influenza protein. One embodiment of the present
invention is an HA-ferritin fusion protein comprising a
ferritin protein of the present invention joined to an amino
acid sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95 and SEQ ID NO:98.

As has been described for stem region proteins of the
present invention, the inventors have found that HA-ferritin
fusion proteins are more stable and easier to purify when
they exist in a trimeric form. Thus, in one embodiment of the
present invention the HA portion of the HA-ferritin fusion
protein is joined to one or more trimerization domains. In
one embodiment, the HA protein comprises an amino acid
sequence at least 80% identical, at least 85% identical, at
least 90% identical, at least 92% identical, at least 94%
identical, at least 96% identical, at least 98% identical or at
least 99% identical to a sequence selected from the group
consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38, joined to one or more trim-
erization domains. In one embodiment, the HA protein
comprises an amino acid sequence selected from the group
consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38 joined to one or more trimeriza-
tion domains. In one embodiment, the HA protein comprises
an amino acid sequence at least 80% identical, at least 85%
identical, at least 90% identical, at least 92% identical, at
least 94% identical, at least 96% identical, at least 98%
identical or at least 99% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:71, SEQ
ID NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ 1D NO:89, SEQ ID NO:92, SEQ 1D
NO:95, and SEQ ID NO:98 joined to one or more trimeriza-
tion domains. In one embodiment, the HA protein comprises
an amino acid sequence selected from the group consisting
of SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95, and SEQ ID NO:98 joined
to one or more trimerization domains. In one embodiment,
the trimerization domain is selected from the group consist-
ing of the HIV-1 gp41 trimerization domain, the SIV gp41
trimerization domain, the Ebola virus gp-2 trimerization
domain, the HTLV-1 gp-21 trimerization domain, the T4
fibritin trimerization domain (i.e., foldon), the yeast heat
shock transcription factor trimerization domain, and the
human collagen trimerization domain. In one embodiment,
the trimerization domain is an HIV gp4l trimerization
domain.
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Additionally, the inventors have found that, in some
instances, HA-ferritin fusion proteins in which the HA
portion is limited to HA stem region sequences may be more
stable when joined to at least part of the head region of the
HA protein. Thus, one embodiment of the present invention
is an HA SS-ferritin fusion protein, wherein, the HA portion
of the fusion protein is joined to an amino acid sequence
from at least a portion of an HA protein head region.

HA-ferritin proteins of the present invention are con-
structed by joining ferritin proteins of the present invention
with HA proteins of the present invention. In addition,
HA-ferritin fusion proteins may contain other domains (e.g.,
stem region protein, trimerization domain, head region, etc.)
that improve the functionality of the final HA-ferritin fusion
protein. In some embodiments, joining of the various pro-
teins and/or domains can be done such that the sequences are
directly linked. In other embodiments, it may be necessary
to employ linkers (also referred to as a spacer sequences)
between the various proteins and/or domains so that the so
that they are in the proper special orientation. More specifi-
cally, linker sequence can be inserted so that the hemagglu-
tinin protein is positioned in such a way to maintain the
ability to elicit an immune response to the influenza virus.
Linker sequences of the present invention comprise amino
acids. Preferable amino acids to use are those having small
side chains and/or those which are not charged. Such amino
acids are less likely to interfere with proper folding and
activity of the fusion protein. Accordingly, preferred amino
acids to use in linker sequences, either alone or in combi-
nation are serine, glycine and alanine Examples of such
linker sequences include, but are not limited to, SGG, GSG,
GG and NGTGGSG. Amino acids can be added or sub-
tracted as needed. Those skilled in the art are capable of
determining appropriate linker sequences for proteins of the
present invention.

In accordance with the invention, suitable portions of the
hemagglutinin protein can be joined to the ferritin protein
either as an exocapsid product by fusion with the N-terminal
sequence lying adjacent to the capsid three-fold axis, as an
endocapsid product by fusion with the C-terminus extending
inside the capsid core, or a combination thereof. In one
embodiment, the hemagglutinin portion of the fusion protein
is joined to the N-terminal sequence of the ferritin portion of
the fusion protein.

One embodiment of the present invention is an HA-
ferritin fusion protein comprising an amino acid sequence at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 97% or at least about 99%
identical to SEQ ID NO:101, SEQ ID NO:104 SEQ ID
NO:107 SEQ ID NO:110 SEQ ID NO:113 SEQ ID NO:116
SEQ ID NO:119 SEQ ID NO:122 SEQ ID NO:125 and SEQ
ID NO:128, wherein the HA-ferritin fusion protein elicits
the production of neutralizing antibodies against an influ-
enza protein. One embodiment of the present invention is an
HA-ferritin fusion protein comprising SEQ ID NO:101,
SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110 SEQ ID
NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID NO:122
SEQ ID NO:125 and SEQ ID NO:128.

Proteins of the present invention are encoded by nucleic
acid molecules of the present invention. In addition, they are
expressed by nucleic acid constructs of the present inven-
tion. As used herein a nucleic acid construct is a recombinant
expression vector, i.e., a vector linked to a nucleic acid
molecule encoding a protein such that the nucleic acid
molecule can effect expression of the protein when the
nucleic acid construct is administered to, for example, a
subject or an organ, tissue or cell. The vector also enables



US 9,441,019 B2

43

transport of the nucleic acid molecule to a cell within an
environment, such as, but not limited to, an organism, tissue,
or cell culture. A nucleic acid construct of the present
disclosure is produced by human intervention. The nucleic
acid construct can be DNA, RNA or variants thereof. The
vector can be a DNA plasmid, a viral vector, or other vector.
In one embodiment, a vector can be a cytomegalovirus
(CMV), retrovirus, adenovirus, adeno-associated virus, her-
pes virus, vaccinia virus, poliovirus, sindbis virus, or any
other DNA or RNA virus vector. In one embodiment, a
vector can be a pseudotyped lentiviral or retroviral vector. In
one embodiment, a vector can be a DNA plasmid. In one
embodiment, a vector can be a DNA plasmid comprising
viral components and plasmid components to enable nucleic
acid molecule delivery and expression. Methods for the
construction of nucleic acid constructs of the present dis-
closure are well known. See, for example, Molecular Clon-
ing: a Laboratory Manual, 3" edition, Sambrook et al. 2001
Cold Spring Harbor Laboratory Press, and Current Proto-
cols in Molecular Biology, Ausubel et al. eds., John Wiley &
Sons, 1994. In one embodiment, the vector is a DNA
plasmid, such as a CMV/R plasmid such as CMV/R or
CMV/R 8 KB (also referred to herein as CMV/R 8 kb).
Examples of CMV/R and CMV/R 8 kb are provided herein.
CMV/R is also described in U.S. Pat. No. 7,094,598 B2,
issued Aug. 22, 2006.

As used herein, a nucleic acid molecule comprises a
nucleic acid sequence that encodes a stem region immuno-
gen, a ferritin monomeric subunit, a hemagglutinin protein,
and/or an HA-ferritin fusion protein of the present invention.
A nucleic acid molecule can be produced recombinantly,
synthetically, or by a combination of recombinant and
synthetic procedures. A nucleic acid molecule of the disclo-
sure can have a wild-type nucleic acid sequence or a
codon-modified nucleic acid sequence to, for example,
incorporate codons better recognized by the human transla-
tion system. In one embodiment, a nucleic acid molecule can
be genetically-engineered to introduce, or eliminate, codons
encoding different amino acids, such as to introduce codons
that encode an N-linked glycosylation site. Methods to
produce nucleic acid molecules of the disclosure are known
in the art, particularly once the nucleic acid sequence is
know. It is to be appreciated that a nucleic acid construct can
comprise one nucleic acid molecule or more than one
nucleic acid molecule. It is also to be appreciated that a
nucleic acid molecule can encode one protein or more than
one protein.

Preferred nucleic acid molecules are those that encode a
stem-region protein, a ferritin monomeric subunit, a hemag-
glutinin protein, and/or an HA-ferritin fusion protein com-
prising a monomeric subunit of a ferritin protein joined to an
influenza hemagglutinin protein. Thus, one embodiment of
the present invention is a nucleic acid molecule comprising
a nucleic acid sequence encoding a protein that comprises a
monomeric subunit of a ferritin protein joined to an influ-
enza hemagglutinin protein. In one embodiment, the mono-
meric subunit of ferritin is from the ferritin protein of
Helicobacter pylori. In one embodiment, the monomeric
subunit comprises an amino acid sequence at least 80%, at
least 85%, at least 90%, at least 92%, at least 94%, at least
96%, at least 98% or at least 99% identical to a sequence
selected from the group consisting of SEQ ID NO:2 and
SEQ ID NO:5. In one embodiment, the monomeric subunit
comprises an amino acid sequence selected from the group
consisting of SEQ ID NO:2 and SEQ ID NO:5. In one
embodiment the influenza hemagglutinin protein comprises
an amino acid sequence at least 80%, at least 85%, at least
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90%, at least 92%, at least 94%, at least 96%, at least 98%
or at least 99% identical to a sequence selected from the
group consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38. In one embodiment the influ-
enza hemagglutinin protein comprises a sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID NO:11,
SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ 1D
NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ ID NO:32,
SEQ ID NO:35, and SEQ ID NO:38. In one embodiment the
influenza hemagglutinin protein comprises an amino acid
sequence at least 80%, at least 85%, at least 90%, at least
92%, at least 94%, at least 96%, at least 98% or at least 99%
identical to a sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95, and SEQ ID NO:98. In one
embodiment the influenza hemagglutinin protein comprises
a sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95, and SEQ ID NO:98. In one embodi-
ment the influenza hemagglutinin protein comprises at least
25 amino acids, at least 50 amino acids, at least 75 amino
acids, at least 100 amino acids, at least 150 amino acids, or
at least 200 amino acids from a sequence selected from the
group consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38. In one embodiment the influ-
enza hemagglutinin protein comprises at least 25 amino
acids, at least 50 amino acids, at least 75 amino acids, at least
100 amino acids, at least 150 amino acids, or at least 200
amino acids from a sequence selected from the group
consisting of SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID NO:86,
SEQ ID NO:89, SEQ ID NO:92, SEQ ID NO:95, and SEQ
1D NO:98.

One embodiment of the present invention is a nucleic acid
molecule comprising a nucleic sequence encoding a protein
comprising an amino acid sequence at least 80%, at least
85%, at least 90%, at least 92%, at least 94%, at least 96%,
at least 98% or at least 99% identical to a sequence selected
from the group consisting of SEQ ID NO:41, SEQ ID
NO:44, SEQ ID NO:47, SEQ ID NO:50, SEQ ID NO:53,
SEQ ID NO:56, SEQ ID NO:59, SEQ ID NO:62, SEQ 1D
NO:65, and SEQ ID NO:68. One embodiment of the present
invention is a nucleic acid molecule comprising a nucleic
sequence encoding an amino acid sequence selected from
the group consisting of SEQ ID NO:41, SEQ ID NO:44,
SEQ ID NO:47, SEQ ID NO:50, SEQ ID NO:53, SEQ 1D
NO:56, SEQ ID NO:59, SEQ ID NO:62, SEQ ID NO:65,
and SEQ ID NO:68.

One embodiment of the present invention is a nucleic acid
molecule comprising a nucleic sequence encoding a protein
comprising an amino acid sequence at least 80%, at least
85%, at least 90%, at least 92%, at least 94%, at least 96%,
at least 98% or at least 99% identical to SEQ ID NO:101,
SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110 SEQ ID
NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID NO:122
SEQ ID NO:125 and SEQ ID NO:128. One embodiment of
the present invention is a nucleic acid molecule comprising
a nucleic sequence encoding an amino acid sequence
selected from the group consisting of SEQ ID NO:101, SEQ
ID NO:104 SEQ ID NO:107 SEQ ID NO:110 SEQ ID
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NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID NO:122
SEQ ID NO:125 and SEQ ID NO:128.

Also embodied in the present invention are nucleic acid
sequences that are variants of nucleic acid sequence encod-
ing protein of the present invention. Such variants include
nucleotide insertions, deletions, and substitutions, so long as
they do not affect the ability of fusion proteins of the present
invention to self-assemble into nanoparticles, or signifi-
cantly affect the ability of the hemagglutinin portion of
fusion proteins to elicit an immune response to an influenza
virus. Thus, one embodiment of the present invention is a
nucleic acid molecule encoding a fusion protein of the
present invention, wherein the monomeric subunit is
encoded by a nucleotide sequence at least 85%, at least 90%,
at least 95%, or at least 97% identical to a nucleotide
sequence selected from the group consisting of SEQ ID
NO:1 and SEQ ID NO:4. One embodiment of the present
invention is a nucleic acid molecule encoding an HA-ferritin
fusion protein of the present invention, wherein the HA
protein is encoded by a nucleotide sequence at least 85%, at
least 90%, at least 95%, at least 97% identical or at least 99%
identical to a nucleic acid sequence encoding an amino acid
sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
NO:38. One embodiment of the present invention is a
nucleic acid molecule encoding an HA-ferritin fusion pro-
tein of the present invention, wherein the HA protein is
encoded by a nucleotide sequence at least 85%, at least 90%,
at least 95%, at least 97% identical or at least 99% identical
to a nucleic acid sequence encoding an amino acid sequence
selected from the group consisting of SEQ ID NO:71, SEQ
ID NO:74, SEQ ID NO:77, SEQ ID NO:80, SEQ ID NO:83,
SEQ ID NO:86, SEQ 1D NO:89, SEQ ID NO:92, SEQ 1D
NO:95, and SEQ ID NO:98.

One embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence at least about
80%, at least about 85%, at least about 90%, at least about
95%, at least about 97% or at least about 99% identical to
a nucleic acid sequence selected from the group consisting
of SEQ ID NO:7, SEQ ID NO:10, SEQ ID NO:13, SEQ ID
NO:16, SEQ ID NO:19, SEQ ID NO:22, SEQ ID NO:25,
SEQ ID NO:28, SEQ ID NO:31, SEQ ID NO:34, and SEQ
ID NO:37. One embodiment of the present invention is a
nucleic acid molecule comprising a nucleic acid sequence
selected from the group consisting of SEQ ID NO:7, SEQ ID
NO:10, SEQ ID NO:13, SEQ ID NO:16, SEQ ID NO:19,
SEQ ID NO:22, SEQ ID NO:25, SEQ ID NO:28, SEQ 1D
NO:31, SEQ ID NO:34, and SEQ ID NO:37.

One embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence at least about
80%, at least about 85%, at least about 90%, at least about
95%, at least about 97% or at least about 99% identical to
a nucleic acid sequence selected from the group consisting
of SEQ ID NO:40, SEQ ID NO:43, SEQ ID NO:46, SEQ ID
NO:49, SEQ ID NO:52, SEQ ID NO:55, SEQ ID NO:58,
SEQ ID NO:61, SEQ ID NO:64, and SEQ ID NO:67. One
embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence selected from
the group consisting of SEQ ID NO:40, SEQ ID NO:43,
SEQ ID NO:46, SEQ 1D NO:49, SEQ ID NO:52, SEQ 1D
NO:55, SEQ ID NO:58, SEQ ID NO:61, SEQ ID NO:64,
and SEQ ID NO:67.

One embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence at least about
80%, at least about 85%, at least about 90%, at least about
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95%, at least about 97% or at least about 99% identical to
a nucleic acid sequence selected from the group consisting
of SEQ ID NO:70, SEQ ID NO:73, SEQ ID NO:76, SEQ ID
NO:79, SEQ ID NO:82, SEQ ID NO:85, SEQ ID NO:88,
SEQ ID NO:91, SEQ ID NO:94, and SEQ ID NO:97. One
embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence selected from
the group consisting of SEQ ID NO:70, SEQ ID NO:73,
SEQ ID NO:76, SEQ 1D NO:79, SEQ ID NO:82, SEQ 1D
NO:85, SEQ ID NO:88, SEQ ID NO:91, SEQ ID NO:94,
and SEQ ID NO:97.

One embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence at least about
80%, at least about 85%, at least about 90%, at least about
95%, at least about 97% or at least about 99% identical to
a nucleic acid sequence selected from the group consisting
of SEQ ID NO:100, SEQ ID N0:103, SEQ ID NO:106, SEQ
ID NO:109, SEQ ID NO:112, SEQ ID NO:115, SEQ ID
NO:121, SEQ ID NO:124, and SEQ ID NO:127. One
embodiment of the present invention is a nucleic acid
molecule comprising a nucleic acid sequence selected from
the group consisting of SEQ ID NO:100, SEQ ID NO:103,
SEQ ID NO:106, SEQ ID NO:109, SEQ ID NO:112, SEQ
ID NO:115, SEQ ID NO:121, SEQ ID NO:124, and SEQ ID
NO:127.

Also encompassed by the present invention are expression
systems for producing fusion proteins of the present inven-
tion. In one embodiment, nucleic acid molecules of the
present invention are operationally linked to a promoter. As
used herein, operationally linked means that proteins
encoded by the linked nucleic acid molecules can be
expressed when the linked promoter is activated. Promoters
useful for practicing the present invention are known to
those skilled in the art. One embodiment of the present
invention is a recombinant cell comprising a nucleic acid
molecule of the present invention. One embodiment of the
present invention is a recombinant virus comprising a
nucleic acid molecule of the present invention.

As indicated above, the recombinant production of the
ferritin fusion proteins of the present invention can take
place using any suitable conventional recombinant technol-
ogy currently known in the field. For example, molecular
cloning a fusion protein, such as ferritin with a suitable
protein such as the recombinant influenza hemagglutinin
protein, can be carried out via expression in E. coli with the
suitable monomeric subunit protein, such as the kelicobacter
pylori ferritin monomeric subunit. The construct may then
be transformed into protein expression cells, grown to
suitable size, and induced to produce the fusion protein.

As has been described, because HA-ferritin fusion pro-
teins of the present invention comprise a monomeric subunit
of ferritin, they can self-assemble. According to the present
invention, the supramolecule resulting from such self-as-
sembly is referred to as a hemagglutinin expressing ferritin
based nanoparticle. For ease of discussion, the hemaggluti-
nin expressing ferritin based nanoparticle will simply be
referred to as a, or the, nanoparticle (np). Nanoparticles of
the present invention have the same structural characteristics
as the ferritin proteins described earlier. That is, they contain
24 subunits and have 432 symmetry. In the case of nano-
particles of the present invention, the subunits are the fusion
proteins comprising a ferritin monomeric subunit joined to
an influenza hemagglutinin protein. Such nanoparticles dis-
play at least a portion of the hemagglutinin protein on their
surface as hemagglutinin trimers. In such a construction, the
hemagglutinin trimer is accessible to the immune system
and thus can elicit an immune response. Thus, one embodi-
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ment of the present invention is a nanoparticle comprising
an HA-ferritin fusion protein, wherein the fusion protein
comprises a monomeric ferritin subunit joined to an influ-
enza hemagglutinin protein. In one embodiment, the nano-
particle is an octahedron. In one embodiment, the nanopar-
ticle displays the hemagglutinin protein on its surface as a
hemagglutinin trimer. In one embodiment, the influenza
hemagglutinin protein is capable of eliciting neutralizing
antibodies to an influenza virus. In one embodiment, the
monomeric ferritin subunit comprises at least 50 amino
acids, at least 100 amino acids, or at least 150 amino acids
from an amino acid sequence selected from the group
consisting of SEQ ID NO:2 and SEQ ID NO:5, and/or
comprises an amino acid sequence at least 85%, at least
90%, at least 95%, at least 97% at least 99% identical to an
amino acid sequence selected from the group consisting of
SEQ ID NO:2 and SEQ ID NO:5. In one embodiment, the
monomeric ferritin subunit comprises SEQ ID NO:2 or SEQ
ID NO:5.

In one embodiment, the influenza hemagglutinin protein
comprises at least one epitope from an influenza hemagglu-
tinin protein listed in Table 2. In one embodiment, the
influenza hemagglutinin protein comprises at least 25 amino
acids, at least 50 amino acids, at least 75 amino acids, at least
100 amino acids, at least 150 amino acids, at least 200 amino
acids, at least 300 amino acids, at least 400 amino acids, or
at least 500 amino acids from a hemagglutinin protein of a
virus listed in Table 2. In one embodiment, the hemagglu-
tinin protein comprises at least 25 amino acids, at least 50
amino acids, at least 75 amino acids, at least 100 amino
acids, at least 150 amino acids, at least 200 amino acids, at
least 300 amino acids, at least 400 amino acids, or at least
500 amino acids from a protein consisting of a sequence
selected from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20,
SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ 1D
NO:32, SEQ ID NO:35, and SEQ ID NO:38. In one embodi-
ment, the hemagglutinin protein comprises a sequence
selected from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20,
SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ 1D
NO:32, SEQ ID NO:35, and SEQ ID NO:38.

In one embodiment, the influenza hemagglutinin protein
comprises an amino acid sequence at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, at least 99%
identical to the sequence of an hemagglutinin protein from
a virus listed in Table 2. In one embodiment, the influenza
hemagglutinin protein comprises an amino acid sequence at
least 80%, at least 85%, at least 90%, at least 95%, at least
97%, at least 99% identical to a protein sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID NO:11,
SEQ ID NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ 1D
NO:23, SEQ ID NO:26, SEQ ID NO:29, SEQ ID NO:32,
SEQ ID NO:35, and SEQ ID NO:38.

In one embodiment, the hemagglutinin protein comprises
at least 25 amino acids, at least 50 amino acids, at least 75
amino acids, at least 100 amino acids, at least 150 amino
acids, at least 200 amino acids, at least 300 amino acids, at
least 400 amino acids, or at least 500 amino acids from a
protein consisting of a sequence selected from the group
consisting of SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID NO:86,
SEQ ID NO:89, SEQ ID NO:92, SEQ ID NO:95, and SEQ
1D NO:98. In one embodiment, the influenza hemagglutinin
protein comprises an amino acid sequence at least 80%, at
least 85%, at least 90%, at least 95%, at least 97%, at least
99% identical to a protein sequence selected from the group
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consisting of SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID NO:86,
SEQ ID NO:89, SEQ ID NO:92, SEQ ID NO:95, and SEQ
ID NO:98. In one embodiment, the hemagglutinin protein
comprises a sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID N0O:92, SEQ ID NO:95, and SEQ ID NO:98.

In one embodiment, the HA-ferritin fusion protein com-
prises an amino acid sequence at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, at least 99% identical
to a protein sequence selected from the group consisting of
SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ 1D
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59,
SEQ ID NO:62, SEQ ID NO:635, and SEQ ID NO:68. In one
embodiment, the HA-ferritin fusion protein comprises an
amino acid sequence selected from the group consisting of
SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ 1D
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59,
SEQ ID NO:62, SEQ ID NO:635, and SEQ ID NO:68. In one
embodiment, the HA-ferritin fusion protein comprises an
amino acid sequence at least 80%, at least 85%, at least 90%,
at least 95%, at least 97%, at least 99% identical to SEQ ID
NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110
SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID
NO:122 SEQ ID NO:125 and SEQ ID NO:128. In one
embodiment, the HA-ferritin fusion protein comprises SEQ
ID NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID
NO:110 SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119
SEQ ID NO:122 SEQ ID NO:125 and SEQ ID NO:128.

Because stem region immunogens, HA-ferritin fusion
proteins and nanoparticles of the present invention can elicit
an immune response to an influenza virus, they can be used
as vaccines to protect individuals against infection by influ-
enza virus. According to the present invention a vaccine can
be a stem region immunogen, an HA-ferritin fusion protein,
or a nanoparticle of the present invention. Thus, one embodi-
ment of the present invention is a vaccine comprising a stem
region immunogen, an HA-ferritin fusion protein, or a
nanoparticle of the present invention. Vaccines of the present
invention can also contain other components such as adju-
vants, buffers and the like. Although any adjuvant can be
used, preferred embodiments can contain: chemical adju-
vants such as aluminum phosphate, benzyalkonium chlo-
ride, ubenimex, and QS21; genetic adjuvants such as the
IL-2 gene or fragments thereof, the granulocyte macrophage
colony-stimulating factor (GM-CSF) gene or fragments
thereof, the IL-18 gene or fragments thereof, the chemokine
(C—C motif) ligand 21 (CCL21) gene or fragments thereof,
the IL-6 gene or fragments thereof, CpG, LPS, TLR ago-
nists, and other immune stimulatory genes; protein adju-
vants such IL.-2 or fragments thereof, the granulocyte mac-
rophage colony-stimulating factor (GM-CSF) or fragments
thereof, 1L.-18 or fragments thereof, the chemokine (C—C
motif) ligand 21 (CCL21) or fragments thereof, IL.-6 or
fragments thereof, CpG, LPS, TLR agonists and other
immune stimulatory cytokines or fragments thereof; lipid
adjuvants such as cationic liposomes, N3 (cationic lipid),
monophosphoryl lipid A (MPL1); other adjuvants including
cholera toxin, enterotoxin, Fms-like tyrosine kinase-3 ligand
(F1t-3L)), bupivacaine, marcaine, and levamisole.

One embodiment of the disclosure is a ferritin-based
nanoparticle vaccine that includes more than one influenza
hemagglutinin protein. Such a vaccine can include a com-
bination of different influenza hemagglutinin proteins, either
on a single nanoparticle or as a mixture of nanoparticles, at
least two of which have a unique influenza hemagglutinin
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proteins. A multivalent vaccine can comprise as many influ-
enza hemagglutinin proteins as necessary in order to result
in production of the immune response necessary to protect
against a desired breadth of virus strains. In one embodi-
ment, the vaccine comprises a hemagglutinin protein from at
least two different influenza strains (bi-valent). In one
embodiment, the vaccine comprises a hemagglutinin protein
from at least three different influenza strains (tri-valent). In
one embodiment, the vaccine comprises a hemagglutinin
protein from at least four different influenza strains (tetra-
valent). In one embodiment, the vaccine comprises a hemag-
glutinin protein from at least five different influenza strains
(penta-valent). In one embodiment, the vaccine comprises a
hemagglutinin protein from at least six different influenza
strains (hexa-valent). In various embodiments, a vaccine
comprises a hemagglutinin protein from each of 7, 8, 9, or
10 different strains of influenza virus. An example of such a
combination is a ferritin-based nanoparticle vaccine that
comprises influenza A group 1 hemagglutinin protein, an
influenza A group 2 hemagglutinin protein, and an influenza
B hemagglutinin protein. In one embodiment, the influenza
hemagglutinin proteins are H1 HA, H3 HA, and B HA. In
one embodiment, the influenza hemagglutinin proteins are
those included in the 2011-2012 influenza vaccine. Another
example of a multivalent vaccine is a ferritin based nano-
particle vaccine that comprises hemagglutinin proteins from
four different influenza viruses. In one embodiment, the
multivalent vaccine comprises hemagglutinin proteins from
H1 A/NC/20/1999, H1 A/CA/04/2009, H2 A/Singapore/1/
1957 and HS5 A/Indonesia/05/2005. Such a vaccine is
described in Example 2.

One embodiment of the present invention is a method to
vaccinate an individual against influenza virus, the method
comprising administering a nanoparticle to an individual
such that an immune response against influenza virus is
produced in the individual, wherein the nanoparticle com-
prises a monomeric subunit from ferritin joined to an
influenza hemagglutinin protein, and wherein the nanopar-
ticle displays the influenza hemagglutinin on its surface. In
one embodiment, the nanoparticle is a monovalent nanopar-
ticle. In one embodiment, the nanoparticle is multivalent
nanoparticle. Another embodiment of the present invention
is a method to vaccinate an individual against infection with
influenza virus, the method comprising:

a) obtaining a nanoparticle comprising monomeric sub-
units, wherein the monomeric subunits comprise a ferritin
protein joined to an influenza hemagglutinin protein, and
wherein the nanoparticle displays the influenza hemagglu-
tinin on its surface; and,

b) administering the nanoparticle to an individual such
that an immune response against an influenza virus is
produced.

One embodiment of the present invention is a method to
vaccinate an individual against influenza virus, the method
comprising administering a vaccine of the embodiments to
an individual such that an immune response against influ-
enza virus is produced in the individual, wherein the vaccine
comprises at least one nanoparticle comprising a monomeric
subunit from ferritin joined to an influenza hemagglutinin
protein, and wherein the nanoparticle displays the influenza
hemagglutinin on its surface. In one embodiment, the vac-
cine is a stem region immunogen. In one embodiment, the
vaccine is a nanoparticle. In one embodiment, the vaccine is
a monovalent vaccine. In one embodiment, the vaccine is
multivalent vaccine. Another embodiment of the present

10

15

20

25

30

35

40

45

50

55

60

65

50

invention is a method to vaccinate an individual against
infection with influenza virus, the method comprising:

a) obtaining a vaccine comprising at least one nanopar-
ticle comprising an HA-ferritin fusion protein, wherein the
fusion protein comprises a ferritin protein joined to an
influenza HA protein, and wherein the nanoparticle displays
the influenza HA on its surface; and,

b) administering the vaccine to an individual such that an
immune response against an influenza virus is produced.

In one embodiment, the nanoparticle is a monovalent
nanoparticle. In one embodiment, the nanoparticle is mul-
tivalent nanoparticle.

In one embodiment, the nanoparticle is an octahedron. In
one embodiment, the influenza hemagglutinin protein is
capable of eliciting neutralizing antibodies to an influenza
virus. In one embodiment, the influenza HA protein is
capable of eliciting broadly neutralizing antibodies to an
influenza virus. In one embodiment, the ferritin portion of
the fusion protein comprise at least 50 amino acids, at least
100 amino acids, or at least 150 amino acids from an amino
acid sequence selected from the group consisting of SEQ ID
NO:2 and SEQ ID NO:5, and/or comprises an amino acid
sequence at least 85%, at least 90%, at least 95%, at least
97% at least 99% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO:2 and
SEQ ID NO:5. In one embodiment, the HA portion of the
fusion protein comprises at least one epitope from an
influenza hemagglutinin protein listed in Table 2. In one
embodiment, the HA portion of the fusion protein comprises
at least 25 amino acids, at least 50 amino acids, at least 75
amino acids, at least 100 amino acids, at least 150 amino
acids, at least 200 amino acids, at least 300 amino acids, at
least 400 amino acids, or at least 500 amino acids from a
hemagglutinin protein of a virus listed in Table 2. In one
embodiment, the HA portion of the fusion protein comprises
at least 25 amino acids, at least 50 amino acids, at least 75
amino acids, at least 100 amino acids, at least 150 amino
acids, at least 200 amino acids, at least 300 amino acids, at
least 400 amino acids, or at least 500 amino acids from a
protein consisting of a sequence selected from the group
consisting of SEQ ID NO:8, SEQ ID NO:11, SEQ ID
NO:14, SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO:23,
SEQ ID NO:26, SEQ 1D NO:29, SEQ ID NO:32, SEQ 1D
NO:35, and SEQ ID NO:38. In one embodiment, the HA
portion of the fusion protein comprises an amino acid
sequence at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 99% identical to the sequence of
an HA protein from a virus listed in Table 2. In one
embodiment, the HA portion of the fusion protein comprises
an amino acid sequence at least 80%, at least 85%, at least
90%, at least 95%, at least 97%, at least 99% identical to a
sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
NO:38. In one embodiment, the HA portion of the fusion
protein comprises at least 25 amino acids, at least 50 amino
acids, at least 75 amino acids, at least 100 amino acids, at
least 150 amino acids, at least 200 amino acids, at least 300
amino acids, at least 400 amino acids, or at least 500 amino
acids from a sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95, and SEQ ID NO:98. In one
embodiment, the HA portion of the fusion protein comprises
an amino acid sequence at least 80%, at least 85%, at least
90%, at least 95%, at least 97%, at least 99% identical to a
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sequence selected from the group consisting of SEQ ID
NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ ID NO:80,
SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89, SEQ 1D
NO:92, SEQ ID NO:95, and SEQ ID NO:98. In one embodi-
ment, the HA-ferritin fusion protein comprises an amino
acid sequence at least 80%, at least 85%, at least 90%, at
least 95%, at least 97%, at least 99% identical to a protein
sequence selected from the group consisting of SEQ ID
NO:41, SEQ ID NO:44, SEQ 1D NO:47, SEQ ID NO:50,
SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59, SEQ 1D
NO:62, SEQ ID NO:65, and SEQ ID NO:68. In one embodi-
ment, the HA-ferritin fusion protein comprises an amino
acid sequence selected from the group consisting of SEQ ID
NO:41, SEQ ID NO:44, SEQ 1D NO:47, SEQ ID NO:50,
SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59, SEQ 1D
NO:62, SEQ ID NO:65, and SEQ ID NO:68. In one embodi-
ment, the HA-ferritin fusion protein comprises an amino
acid sequence at least 80%, at least 85%, at least 90%, at
least 95%, at least 97%, at least 99% identical to SEQ ID
NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110
SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID
NO:122 SEQ ID NO:125 and SEQ ID NO:128. In one
embodiment, the HA-ferritin fusion protein comprises SEQ
ID NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID
NO:110 SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119
SEQ ID NO:122 SEQ ID NO:125 and SEQ ID NO:128.

Vaccines of the present invention can be used to vaccinate
individuals using a prime/boost protocol. Such a protocol is
described in U.S. Patent Publication No. 20110177122,
which is incorporated herein by reference in its entirety. In
such a protocol, a first vaccine composition may be admin-
istered to the individual (prime) and then after a period of
time, a second vaccine composition may be administered to
the individual (boost). Administration of the boosting com-
position is generally weeks or months after administration of
the priming composition, preferably about 2-3 weeks or 4
weeks, or 8 weeks, or 16 weeks, or 20 weeks, or 24 weeks,
or 28 weeks, or 32 weeks. In one embodiment, the boosting
composition is formulated for administration about 1 week,
or 2 weeks, or 3 weeks, or 4 weeks, or 5 weeks, or 6 weeks,
or 7 weeks, or 8 weeks, or 9 weeks, or 16 weeks, or 20
weeks, or 24 weeks, or 28 weeks, or 32 weeks after
administration of the priming composition

The first and second vaccine compositions can be, but
need not be, the same composition. Thus, in one embodi-
ment of the present invention, the step of administering the
vaccine comprises administering a first vaccine composi-
tion, and then at a later time, administering a second vaccine
composition. In one embodiment, the first vaccine compo-
sition comprises a nanoparticle comprising an HA-ferritin
fusion protein of the present invention. In one embodiment,
the first vaccine composition comprises a nanoparticle com-
prising an ectodomain from the hemagglutinin protein of an
influenza virus selected from the group consisting of A/New
Caledonia/20/1999 (1999 NC, H1), A/California/04/2009
(2009 CA, HI1), A/Singapore/1/1957 (1957 Sing, H2),
A/Hong Kong/1/1968 (1968 HK, H3), A/Brisbane/10/2007
(2007 Bris, H3), A/Indonesia/05/2005 (2005 Indo, HS),
B/Florida/4/2006 (2006 Flo, B), A/Perth/16/2009 (2009 Per,
H3), A/Brisbane/59/2007 (2007 Bris, H1), B/Brisbane/60/
2008 (2008 Bris, B). In one embodiment, the hemagglutinin
of the first vaccine composition comprises an amino acid
sequence at least about 80% identical to an amino acid
sequence selected from the group consisting of SEQ ID
NO:8, SEQ ID NO:11, SEQ ID NO:14, SEQ ID NO:17,
SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, and SEQ ID
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NO:38. In one embodiment, the first vaccine composition
comprises an HA-ferritin fusion protein comprising an
amino acid sequence at least 80% identical, at least 85%
identical, at least 90% identical, at least 95% identical, at
least 97% identical or at least 99% identical to a sequence
selected from the group consisting of SEQ ID NO:41, SEQ
1D NO:44, SEQ ID NO:47, SEQ ID NO:50, SEQ ID NO:53,
SEQ ID NO:56, SEQ ID NO:59, SEQ ID NO:62, SEQ 1D
NO:65, and SEQ ID NO:68, wherein the nanoparticle elicits
an immune response against an influenza virus. In one
embodiment, the first vaccine composition comprises an
HA-ferritin fusion protein comprising an amino acid
sequence selected from the group consisting of SEQ ID
NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ ID NO:50,
SEQ ID NO:53, SEQ ID NO:56, SEQ ID NO:59, SEQ 1D
NO:62, SEQ ID NO:65, and SEQ ID NO:68. In one embodi-
ment, second vaccine composition comprises a nanoparticle
comprising an HA SS-ferritin fusion protein of the present
invention. In one embodiment, the HA SS-ferritin fusion
protein comprises an amino acid sequence at least 80%
identical, at least 85% identical, at least 90% identical, at
least 95% identical, at least 97% identical or at least 99%
identical to a sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98. In one
embodiment, the HA SS-ferritin fusion protein comprises an
amino acid sequence selected from the group consisting of
SEQ ID NO:71, SEQ ID NO:74, SEQ ID NO:77, SEQ 1D
NO:80, SEQ ID NO:83, SEQ ID NO:86, SEQ ID NO:89,
SEQ ID NO:92, SEQ ID NO:95 and SEQ ID NO:98. In one
embodiment, the HA SS-ferritin fusion protein comprises an
amino acid sequence at least 80% identical, at least 85%
identical, at least 90% identical, at least 95% identical, at
least 97% identical or at least 99% identical to SEQ ID
NO:101, SEQ ID NO:104 SEQ ID NO:107 SEQ ID NO:110
SEQ ID NO:113 SEQ ID NO:116 SEQ ID NO:119 SEQ ID
NO:122 SEQ ID NO:125 and SEQ ID NO:128, wherein the
HA SS-ferritin fusion protein elicits an immune response to
an influenza virus. In one embodiment, the HA SS-ferritin
fusion protein comprises SEQ ID NO:101, SEQ ID NO:104
SEQ ID NO:107 SEQ ID NO:110 SEQ ID NO:113 SEQ ID
NO:116 SEQ ID NO:119 SEQ ID NO:122 SEQ ID NO:125
and SEQ ID NO:128. In one embodiment, the individual is
at risk for infection with influenza virus. In one embodiment,
the individual has been exposed to influenza virus. As used
herein, the terms exposed, exposure, and the like, indicate
the subject has come in contact with a person of animal that
is known to be infected with an influenza virus. Vaccines of
the present invention may be administered using techniques
well known to those in the art. Techniques for formulation
and administration may be found, for example, in “Rem-
ington’s Pharmaceutical Sciences”, 187 ed., 1990, Mack
Publishing Co., Easton, Pa. Vaccines may be administered
by means including, but not limited to, traditional syringes,
needleless injection devices, or microprojectile bombard-
ment gene guns. Suitable routes of administration include,
but are not limited to, parenteral delivery, such as intramus-
cular, intradermal, subcutaneous, intramedullary injections,
as well as, intrathecal, direct intraventricular, intravenous,
intraperitoneal, intranasal, or intraocular injections, just to
name a few. For injection, the compounds of one embodi-
ment of the invention may be formulated in aqueous solu-
tions, preferably in physiologically compatible buffers such
as Hanks’ solution, Ringer’s solution, or physiological
saline buffer.
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In one embodiment, vaccines, or nanoparticles, of the
present invention can be used to protect an individual
against infection by heterologous influenza virus. That is, a
vaccine made using hemagglutinin protein from one strain
of influenza virus is capable of protecting an individual
against infection by different strains of influenza. For
example, a vaccine made using hemagglutinin protein from
influenza A/New Caledonia/20/1999 (1999 NC, H1), can be
used to protect an individual against infection by an influ-
enza virus including, but not limited to A/New Caledonia/
20/1999 (1999 NC, H1), A/California/04/2009 (2009 CA,
H1), A/Singapore/1/1957 (1957 Sing, H2), A/Hong Kong/
1/1968 (1968 HK, H3), A/Brisbane/10/2007 (2007 Bris,
H3), A/Indonesia/05/2005 (2005 indo, H5), A/Perth/16/2009
(2009 Per, H3), and/or A/Brisbane/59/2007 (2007 Bris, H1).

In one embodiment, vaccines, or nanoparticles, of the
present invention can be used to protect an individual
against infection by an antigenically divergent influenza
virus. Antigenically divergent refers to the tendency of a
strain of influenza virus to mutate over time, thereby chang-
ing the amino acids that are displayed to the immune system.
Such mutation over time is also referred to as antigenic drift.
Thus, for example, a vaccine made using hemagglutinin
protein from a A/New Caledonia/20/1999 (1999 NC, H1)
strain of influenza virus is capable of protecting an indi-
vidual against infection by earlier, antigenically divergent
New Caledonia strains of influenza, and by evolving (or
diverging) influenza strains of the future.

EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill in the art with a complete disclosure
and description of how to make and use the embodiments,
and are not intended to limit the scope of what the inventors
regard as their invention nor are they intended to represent
that the experiments below are all or the only experiments
performed. Efforts have been made to ensure accuracy with
respect to numbers used (e.g. amounts, temperature, etc.) but
some experimental errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by
weight, molecular weight is weight average molecular
weight, and temperature is in degrees Celsius. Standard
abbreviations are used.

Example 1

Design and Production of Ferritin-Based
Nanoparticles Expressing Influenza Virus HA

This Example demonstrates the ability of HA-ferritin
fusion proteins to form nanoparticles. Analysis of ferritin
structure suggested that it was possible to insert a heterolo-
gous protein, specifically influenza virus HA, so that it
mimics a physiologically relevant trimeric viral spike (FIG.
1A). Ferritin forms a nearly spherical particle consisting of
24 subunits arranged with octahedral symmetry around a
hollow interior. The symmetry of the ferritin nanoparticles
includes eight three-fold axes on the surface. The aspartic
acid (Asp) at residue 5 near the NH, terminus is readily
accessible, and the distance (28 A) between each Asp5 on
the three-fold axis is almost identical to the distance between
the central axes of each HA2 subunit of trimeric HA (FIG.
1A, right).

Vector Construction.

The HA-ferritin fusion proteins were constructed by join-
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HA to ferritin (FIG. 1B). Specifically, the gene encoding H.
pylori nonheme iron-containing ferritin  (GenBank
NP_223316) with a point mutation (N19Q) to abolish a
potential N-linked glycosylation site was synthesized by
PCR-based accurate synthesis (M. F. Bachmann, R. M.
Zinkernagel, Neutralizing antiviral B cell responses. Annu
Rev Immunol 15, 235-270 (1997)) using human-preferred
codons. The human CDS5 leader sequence and a serine-
glycine-glycine (SGG) spacer were joined to the gene frag-
ment encoding ferritin (residues 5-167) to generate a
secreted protein. The plasmids encoding various influenza
virus HAs, including A/South Carolina/1/1918 (1918 SC),
GenBank AF117241; A/Puerto Rico/8/1934 (1934 PRS),
UniProt P03452; A/Singapore/6/1986 (1986 Sing), Gen-
Bank ABO38395; A/Beijing/262/1995 (1995 Beijing), Gen-
Bank AAP34323; A/New Caledonia/20/1999 (1999 NC),
GenBank AY289929; A/Solomon Islands/3/2006 (2006 SI),
GenBank ABU99109; A/Brisbane/59/2007 (2007 Bris),
GenBank ACA28844; A/California/04/2009 (2009 CA),
GenBank ACP41105; A/Perth/16/2009 (H3 2009 Perth),
GenBank ACS71642; B/Florida/04/2006 (B 2006 Florida),
GenBank ACA33493 and their corresponding NAs with
human preferred codons were synthesized as previously
reported (C. J. Wei et al., Induction of broadly neutralizing
HINI influenza antibodies by vaccination. Science 329,
1060-1064 (2010)). The gene fragments encoding HAs
(residues HA1 1-HA2 174, H3 numbering) from 1999 NC
HA, 2009 CA HA, 2009 Perth H3 and 2006 Florida B were
amplified and joined to the ferritin gene fragment (residues
5-167) with an SGG linker to give rise to the HA-ferritin
fusion gene. To produce soluble trimeric HA, the 1999 NC
HA gene fragment (residues HA1 1-HA2 174, H3 number-
ing) was joined to a thrombin cleavage site followed by a
foldon trimerization motif and a poly-histidine tag as
described previously (A. S. Xiong et al., PCR-based accu-
rate synthesis of long DNA sequences. Nat Protoc 1, 791-
797 (2006)). Both full length and soluble forms of 1999 NC
AStem (C. J. Wei et al., Induction of broadly neutralizing
HINI influenza antibodies by vaccination. Science 329,
1060-1064 (2010)) and ARBS HA mutants were generated
by introducing an N-linked glycosylation site at residues
HA2 45 (I45N/G47T) and HA1 190 (Q192T), respectively.
The soluble form of 2007 Bris ARBS HA mutant was
generated by introducing an N-linked glycosylation site at
the same site. All genes were then cloned into mammalian
expression vectors for efficient expression (C. J. Wei et al.,
Comparative efficacy of neutralizing antibodies elicited by
recombinant hemagglutinin proteins from avian H5N1 influ-
enza virus. J Virol 82, 6200-6208 (2008)). Plasmids encod-
ing the mAbs, CR6261 (D. C. Ekiert et al., Antibody
recognition of a highly conserved influenza virus epitope.
Science 324, 246-251 (2009)), CH65 (J. R. Whittle et al.,
Broadly neutralizing human antibody that recognizes the
receptor-binding pocket of influenza virus hemagglutinin.
Proc Natl Acad Sci USA 108, 14216-14221 (2011)) and a
single-chain variable fragment F10 (J. Sui et al., Structural
and functional bases for broad-spectrum neutralization of
avian and human influenza A viruses. Nat Struct Mol Biol
16, 265-273 (2009)) were also synthesized as described by
C. 1. Wei et al., (Science 329, 1060-1064 (2010).

Protein Biosyntheses and Purifications.

To produce ferritin nanoparticles, HA-np and trimeric
HA, the expression vectors were transfected into 293F cells
(Invitrogen), a human embryonic kidney cell line using
293fectin (Invitrogen) according to the manufacturer’s
instructions. Matched NAs were co-transfected at 20:1
HA:NA (wt:wt). The cells were grown in Freestyle 293
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expression medium (Invitrogen) and the culture superna-
tants were collected 4 days post-transfection by centrifuga-
tion and filtered through a 0.22 um pore filter unit (Nalgene)
to remove cell debris. The supernatants were concentrated
with a 30 kDa molecular weight cut-off filter unit (Pall
Corp.) and then buffer exchanged to a Tris buffer (20 mM
Tris, 50 mM NaCl, pH 7.5 for ferritin nanoparticles; 20 mM
Tris, 500 mM NaCl, pH 7.5 for HA-np). The ferritin
nanoparticles were purified by ion-exchange chromatogra-
phy using a Hil.oad 16/10 Q Sepharose HP column (GE
Healthcare). The HA-np were purified by affinity column
chromatography using Erythrina cristagalli agglutinin
(ECA, coral tree lectin; EY Laboratories, Inc.) specific for
galactose [(1,4)N-acetylglucosamine. The ferritin nanopar-
ticles and HA-np were further purified by size exclusion
chromatography with a Superose 6 PG XK 16/70 column
(GE Healthcare) in PBS. The peak fraction was collected
and used for further studies. The molecular weights of the
ferritin nanoparticle and HA-np were calculated based on
two equations generated by least squares linear regression
on a semi-log plot using gel filtration low and high molecu-
lar weight standards (Bio-Rad), respectively. The yield of
1999 NC HA-np is ~4 mg liter™! and appears stable at 4° C.
or frozen at -80° C. The trimeric HA proteins were purified
as described by A. S. Xiong et at (Nat Protoc 1, 791-797
(2006)) with slight modifications. Briefly, HA proteins were
first purified by affinity chromatography using Ni Sepharose
HP resin (GE Healthcare), and then were separated by size
exclusion chromatography with a Hil.oad 16/60 Superdex
200 PG column (GE Healthcare). To remove the foldon
trimerization motif and poly-histidine tag, HA proteins were
digested with thrombin (EMD Chemicals, Inc.) (3 U mg
ml™) overnight at 4° C. Undigested proteins were removed
by passing over Ni Sepharose HP resin and the digested HAs
were purified on a Hil.oad 16/60 Superdex 200 PG column.
All purified proteins were verified by SDS-PAGE. Protein
purity and size distribution were examined by dynamic light
scattering using a DynaPro system (Wyatt Technology). All
human mAbs and a single-chain variable fragment were also
produced in 293F cells and purified as described previously
(C. J. Wei et al., Induction of broadly neutralizing HIN1
influenza antibodies by vaccination. Science 329, 1060-1064
(2010); W. P. Kong et al., Protective immunity to lethal
challenge of the 1918 pandemic influenza virus by vacci-
nation. Proc Natl Acad Sci USA 103, 15987-15991 (2006)).
MAbs against 1999 NC HA were purified from hybridoma
supernatants as previously described (C. J. Wei et al.,
Induction of broadly neutralizing HINT1 influenza antibodies
by vaccination. Science 329, 1060-1064 (2010)).
Todixanol-Based Gradient Centrifugation.

Alternatively, HA-np were purified by iodixanol gradient
ultracentrifugation (FIG. 10) routinely used for virus and
VLP purifications (C. J. Wei et al., Cross-neutralization of
1918 and 2009 influenza viruses: role of glycans in viral
evolution and vaccine design. Sci Trans/ Med 2, 24ra2l
(2010)). Fractions containing HA np were confirmed by
SDS-PAGE and Western blotting using a mAb against 1999
NC HA.

Electron Microscopic Analysis.

Purified ferritin nanoparticles and HA-np were subjected
to transmission electron microscopic analysis. The samples
were negatively stained with phosphotungstic acid (ferritin
nanoparticles) or ammonium molybdate (HA-np) and
images were recorded on a Tecnai T12 microscope (FEI) at
80 kV with a CCD camera (AMT Corp.).
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Analysis of HA-Ferritin Np.

Among the various ferritins, Helicobacter (H.) pylori
nonheme ferritin (K. J. Cho et al., The crystal structure of
ferritin from Helicobacter pylori reveals unusual conforma-
tional changes for iron uptake. J Mo/ Bio/ 390, 83-98 (2009))
was selected as a prototype because of its highly divergent
sequence compared to mammalian ferritins (FIG. 2), thus
minimizing the likelihood of inducing autoimmunity after
vaccination. The final purification step for recombinant
HA-ferritin was size exclusion chromatography (FIG. 1C,
left) and dynamic light scattering was used to confirm that
both ferritin and HA-ferritin self-assembled into supramol-
ecules with diameters of 14.61 and 37.23 nm, respectively
(FIG. 1C, middle). HA-ferritin and ferritin subunits from
these nanoparticles migrated at the expected respective
molecular weights of 85 and 17 kDa by SDS-PAGE com-
pared to 68 kDa for purified HA (FIG. 1C, right). While the
morphology of the ferritin nanoparticles was smooth, as
visualized by transmission electron microscopy (TEM),
HA-ferritin formed np that exhibited clearly visible spikes
around the spherical core (FIG. 1D, Ferritin np vs. HA-np).
Remarkably, the placement of these spikes clearly illustrated
the octahedral symmetry of the HA-np design. Octahedral
two-, three- and four-fold axes were distinctly observed in
the TEM image (FIG. 1E, right). These data demonstrated
the formation of HA spikes on self-assembling HA-ferritin
nanoparticles. More importantly, this design enabled HAs
from different subtypes or influenza B viruses to be readily
joined to a ferritin core without substantial modification.

Example 2

Antigenicity and Immunogenicity of HA-Np in
Mice

To verify the antigenicity of the HA spikes on the np,
HA-ferritin np were analyzed for their ability to react with
anti-HA head ab and a conformation-dependent monoclonal
ab (mAb), CR6261, that recognizes a highly conserved
structure in the trimeric HA stem and neutralizes diverse
influenza A group 1 viruses D. C. Ekiert et al., Antibody
recognition of a highly conserved influenza virus epitope.
Science 324, 246-251 (2009)), using ELISA and a virus
neutralization assay.

Analysis by ELISA.

Purified trimeric HA, HA-np, and TIV (2 pug of H1 HA
ml™), ferritin nanoparticles (0.68 ug ml=" for FIG. 3 or 2 ug
ml™! for the rest), mouse liver ferritin (2 pug ml~', Alpha
Diagnostic International, Inc.), AStem and ARBS HA trimer
(2 pg ml™') were coated (100 pl/well) onto MaxiSorp™
plates (Nunc) and the wells were probed with the anti-HA
mAbs, anti-mouse liver ferritin IgG (Alpha Diagnostic Inter-
national, Inc.) or immune sera followed by peroxidase-
conjugated secondary antibodies (anti-mouse IgG and anti-
human IgG, SouthernBiotech; anti-ferret IgG, Rockland
Immunochemicals, Inc.). The wells were developed using a
SureBlue chromogen (KPL) and the reaction was stopped by
adding 0.5 M sulfuric acid. For the ELISA-based competi-
tion assay, HA trimer (2 ug ml™') was coated onto the plates.
Plates were incubated with an anti-stem mAb, CR6261 (8 ug
ml™") or an isotype control Ab, VRCO1 (8 ug ml™) (Z. Y.
Yang et al., Immunization by avian HS influenza hemagglu-
tinin mutants with altered receptor binding specificity. Sci-
ence 317, 825-828 (2007); X. Wu et al.,, Rational design of
envelope identifies broadly neutralizing human monoclonal
antibodies to HIV-1. Science 329, 856-861 (2010)) before
adding serially diluted pre-absorbed ferret immune sera. The
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wells were probed with anti-ferret IgG and developed as
described above. Absorbance at 450 nm was measured by
SpectraMax M2e (Molecular Devices). The endpoint titers
were determined by calculating the intersection of the
observed binding curve and the absorbance threshold (four
times background).

Neutralization Assays.

HA/NA-pseudotyped lentiviral vectors encoding
luciferase were used. Immune sera used for the assay were
pretreated with RDE as described above. Pre-titrated
pseudotyped viruses (Gag p24=~6.25 ng ml™") were incu-
bated with serially diluted sera for 20 minutes at room
temperature and added to 293 A cells (10,000 cells/well in a
96-well plate; 50 pl/well; in triplicate). Plates were then
washed and replaced with fresh media 2 hours later, and
luciferase activity was measured after 24 hours. For the
protein competition assay, neutralizing activity of the mAbs
F10, CR6261 or immune sera was measured in the presence
of competitor proteins, trimeric HA (WT, AStem or ARBS),
HA-np, ferritin nanoparticles or irrelevant protein (HIV-1
gp120) at final concentration of 20 and 25 pug ml~! for mAbs
and immune sera, respectively. The HA-np was able to bind
to anti-head or anti-stem mAbs with affinities similar to
trimeric HA or trivalent inactivated vaccine (TIV) contain-
ing the same 1999 NC HA at equimolar concentrations of
HA, in contrast to a ferritin nanoparticle control (FIG. 3A).
Analogous to trimeric HA, the HA-np also blocked neutral-
ization by CR6261 and another stem-directed mAb, F10 (4
J. Sui et al., Structural and functional bases for broad-
spectrum neutralization of avian and human influenza A
viruses. Nat Struct Mol Biol 16, 265-273 (2009)) (FIG. 3B).
These results indicated that HA molecules on the HA-np
antigenically resembled the physiological trimeric viral
spike.

Example 3
Immunogenicity of HA-Ferritin Np In Vivo

This Example demonstrates the ability of HA-ferritin np
of the present invention to elicit neutralizing antibodies.

To assess the immunogenicity of the HA-ferritin np in
vivo, mice were immunized twice with HA-np or TIV’s
from the 2006-2007 season, with HAs from A/New Cale-
donia/20/1999 (HIN1), A/Wisconsin/67/2005 (H3N2) and
B/Malaysia/2504/04 (type B), or from the 2011-2012 sea-
son, with HAs from A/California/07/09-like (HIN1),
A/Perth/16/09 (H3N2) and B/Brisbane/60/08 (type B).
Briefly, female BALB/c mice (6-8 weeks old; Charles River
Laboratories) were immunized (5 mice/group) intramuscu-
larly with 5 or 0.5 pg (1.67 or 0.17 pg of H1 HA) of TIV,
2.24 or 0.22 pg (1.67 or 0.17 pg of HA) of HA-np or 0.57
ng of ferritin nanoparticles (equimolar to 2.24 ug of HA-np)
in 100 ul of PBS or in 100 pl of 50% (v/v) mixture of Ribi
adjuvant (Sigma) in PBS at weeks 0 and 3. A group of
BALB/c mice (n=4) was immunized with 20 pg of trimeric
HA (thrombin cleaved) in 100 pl of 50% (v/v) mixture of
Ribi adjuvant in PBS at weeks 0 and 4. For the experiment
using trivalent HA-np, mice were immunized (n=5) with
6.72 ng (1.67 pg of each HA component) of trivalent HA-np
in 100 pl of 50% (v/v) mixture of Ribi adjuvant in PBS at
weeks 0 and 3. Blood samples were collected prior to the
first dose, and at 2 weeks after each immunization.

The resulting antibody titers were determined as
described in Example 2. The HA-np induced significantly
higher HAI titers than TIV (FIG. 4A, left; p<0.0001), and a
similar effect was observed in the neutralization assay and
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ELISA (FIG. 4A, middle and right; p<0.0001). For example,
neutralization titers elicited by HA-np as assessed by the
concentration of ab needed to inhibit viral entry by 90%
(IC4,) were ~34 times higher than TIV (FIG. 4A, middle).
Because higher titers were observed in groups with the
adjuvant Ribi, further comparisons were performed with this
adjuvant. Neutralization against a panel of HIN1 strains
revealed not only increased potency but also enhanced
breadth stimulated by HA-np compared with TIV or trimeric
HA (FIG. 4B). Neutralization against two highly divergent
HINTI viruses, A/Puerto Rico/8/1934 (1934 PR8) and A/Sin-
gapore/6/1986 (1986 Sing) were only observed in mice
immunized with the HA-np, and the titer against the con-
temporary virus A/Brisbane/59/2007 (2007 Bris) was more
than one log higher in mice immunized with HA-np than
with TIV (FIG. 4B).

To assess whether the preexisting immune responses to
ferritin nanoparticles or to other HA subtypes would attenu-
ate the immunogenicity of the subsequent immunization of
HA-np, mice were pre-immunized with either H3 (A/Perth/
16/09, 2009 Perth) HA-np or empty ferritin nanoparticles to
elicit anti-H3 HA and/or anti-H. pylori ferritin immune
responses (FIG. 5A). These animals were then immunized
with H1 (1999 NC) HA-np. Comparable HAI, 1C,, neutral-
ization and ELIS A titers against 1999 NC HA were observed
in naive animals as well as in groups pre-immunized with
H3 HA-np or empty ferritin nanoparticles (FIG. 5B). These
results indicated that preexisting anti-H. pylori ferritin
immunity did not diminish the HA-specific ab response.

Example 4

Lack of Autoreactivity of H. pylori Ferritin
Nanoparticles

This Example demonstrates analyzes the ability of HA-
ferritin np of the present invention to elicit an auto-immune
response against autologous ferritin in mice.

Although the overall structural architecture and physi-
ological functions of ferritin are conserved across organ-
isms, murine ferritin has only 27% amino acid sequence
identity to H. pylori ferritin. This homology nonetheless
raised the possibility that immunization with H. pylori
ferritin in mice might abrogate immune tolerance and induce
autoimmunity. To address this concern, CD4, CD8 T-cell
and ab responses against both murine and H. pylori ferritins
were analyzed by intracellular cytokine staining (ICS) and
ELISA in mice immunized with HA-np. ELISAs were
performed according to the procedure in Example 2. For
intracellular cytokine analysis, CD4" and CD8* T-cell
responses were evaluated for interferon-y (IFN-y), tumor
necrosis factor o (ITNFa), and interleukin-2 (IL-2) as
described by T. Zhou et al. (Science 329, 811-817 (2010)).
Individual peptide pools (15-mer overlapping by 11 resi-
dues, 2.5 pg ml™' for each peptide) covering H. pylori
ferritin or mouse ferritin light and heavy chains were used to
stimulate cells. After stimulation, cells were fixed, permea-
bilized and stained using anti-mouse CD3, CD4, CDS,
IFN-y, TNFa. and IL-2 mAbs (BD Pharmingen) together
with aqua blue dye for live/dead stain (Invitrogen). The data
were collected by LSR II Flow Cytometer (BD Biosciences)
and IFN-y-, TNFa.- and IL-2-positive cells in the CD4" and
CD8* cell populations were analyzed with FlowlJo software
(Tree Star).

Although an increase in the ICS staining of CD4" T cells
stimulated with H. pylori ferritin peptides (FIG. 4C, top left)
was observed, no increases in the CD4* and CD8" ICS
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responses were seen with murine ferritin peptide stimulation
(FIG. 4C, bottom left and middle). In addition, while high
titers (>10°) of anti-f. pylori ferritin abs were detected in
ferritin nanoparticle- and HA-np-immune sera, abs to mouse
ferritin were undetectable (FIG. 4C, right). These results
demonstrate that HA-ferritin np of the present invention do
not elicit autoreactivity to autologous ferritin in mice.

Example 5

Generation of Trivalent HA-Np and
Immunogenicity in Mice

The Example analyzes whether multivalent HA-np were
similar in immunogenicity to monovalent np.

HA-np expressing HAs from H1 (A/California/04/09,
2009 CA), H3 (2009 Perth) or influenza B (B/Florida/04/06,
2006 FL) were generated. The 2009 CA (H1)-, 2009 Perth
(H3)- and 2006 FL (type B)-HA-np self-assembled and
displayed the same morphology observed for 1999 NC
HA-np (FIG. 6A). Trivalent HA-np were generated by
combining three monovalent HA-np, and their immunoge-
nicity was compared to a seasonal TIV containing the same
H1 and H3 strains and a mismatched type B (B/Brisbane/
60/08). HALI titers against homologous HIN1 and H3N2
viruses were significantly increased in animals immunized
with trivalent HA-np relative to TIV-immunized animals
(FIG. 6B; p=0.0125 and 0.0036, respectively). When com-
pared to animals immunized with the corresponding mon-
ovalent HA-np, HAI titers against 2009 CA (H1) and 2009
Perth (H3) induced by trivalent HA-np were comparable
(FIG. 6B). These results demonstrate that no substantial
antigenic competition between H1 and H3 HA-np was
observed with a trivalent HA-np vaccine.

Example 6

Cross-Protective Immunity Elicited by HA-Np in
Ferrets

This Example demonstrates that vaccination of ferrets
with 1999 NC HA-np elicits a protective immunity similar
to that observed in human disease.

Male Fitch ferrets (6 months old; Triple F Farms), sero-
negative for exposure to HIN1, H3N2 and type B influenza
viruses, were housed and cared for at BIOQUAL, Inc.
(Rockville, Md.). Prior to study start, a temperature tran-
sponder (Biomedic Data Systems, Inc.) was implanted into
the neck of each ferret. Ferrets were immunized (6 ferrets/
group) intramuscularly with 500 pl of PBS, 7.5 pg (2.5 ng
of H1 HA) of TIV or 3.35 pg (2.5 pg of HA) of HA-np in
500 pl of 50% (v/v) mixture of Ribi adjuvant in PBS at
weeks 0 and 4. Blood was collected 3 and 2 weeks after the
first and the second immunization, respectively.

Three weeks after the first immunization, all ferrets
receiving HA-np generated protective HAI titers against
homologous H1 1999 NC virus (>1:40), while only 50%
(3/6) of TIV-immunized ferrets induced HAI titers greater
than 1:40 (FIG. 7A, left; p=0.0056). The same trend was also
observed for both neutralization and anti-HA ab titers (FIG.
7A, middle and right; p=0.0047 and p=0.0045, respectively),
documenting the superior potency of HA-np in a second
species. After boosting, the HAI and IC,, neutralization
titers of the HA-np-immune sera were ~10-fold higher than
those of TIV-immunized ferrets (FIG. 7A, left and middle;
457+185 vs. 5760x1541, p=0.0066, and 598229 wvs.
5515+1074, p=0.0012, respectively). A similar enhancement
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in HA-np vs. TIV immunization was also observed by
ELISA titers (FIG. 7A, right; p=0.0038). Remarkably, a
single immunization with HA-np induced immune
responses comparable to two immunizations with TTV (FIG.
7A).

To determine whether HA-np could confer protection
against an unmatched HINT1 virus, five weeks after the last
immunization ferrets immunized with 1999 NC HA-np or
TIV containing the same H1 HA were challenged with 10%
EIDs, of 2007 Bris virus. (1999 NC and 2007 Bris viruses
are 8 years apart and their antigenic characteristics are
sufficiently different to require the production of two differ-
ent vaccines to confer protection in humans.) The virus was
expanded in embryonated chicken eggs from a seed stock
obtained from CDC (Atlanta, Ga.) and has a titer of 10%°
EID,, ml~*. The virus stock was inoculated intranasally into
ferrets, which had been anesthetized with ketamine/xyla-
zine, in a volume of 500 ul per nostril. The ferrets were
observed for clinical signs twice daily and weight and
temperature measurements recorded daily by technicians
blind to the treatment groups. Nasal washes were obtained
ondays 1, 3 and 5 and infectious viral titers were determined
by TCID,, assay using MDCK cells as described previously
(C. J. Wei et al., Induction of broadly neutralizing HIN1
influenza antibodies by vaccination. Science 329, 1060-1064
(2010)).

Ferrets immunized with HA-np showed a significant
reduction in viral shedding beginning 1 day after challenge
compared to the sham control group (FIG. 7B, left;
p=0.0259). At the same time point, no reduction in viral
shedding was seen in the TIV-immunized group. Four of six
animals immunized with HA-np had no detectable viral load
after 3 days and by day 5, all animals in this group cleared
the virus, while all animals in the sham control group still
had detectable virus (FIG. 7B). In addition, HA-np-immu-
nized ferrets suffered less body weight loss compared to the
TIV-immunized and sham control groups (FIG. 7B, right).
These results demonstrate faster virus clearance in ferrets
immunized with HA-np than with TIV and further demon-
strate that HA-np effectively induced -cross-protective
immunity in vaccinated ferrets.

Example 7

Induction of Two Types of Neutralizing Abs (nAbs)
in Ferrets

This Example demonstrates the breadth and specificity of
nAbs in ferret immune sera.

1C5, neutralization titers against 1986 Sing, A/Beijing/
262/1995 (1995 Beijing), A/Solomon Islands/3/2006 (2006
SI) and 2007 Bris were significantly higher in animals
immunized with HA-np compared to immunization with
TIV (FIG. 8A, left). This enhanced breadth was due not only
to a quantitative increase in overall ab titer (~9-fold against
matched virus) but also reflected a qualitative difference in
the types of abs elicited (>40-fold enhancement against an
unmatched strain). To determine whether the cross-reactiv-
ity induced by HA-np was due to nAbs to the conserved HA
stem epitope, ferret immune sera were pre-absorbed with
cells expressing a stem mutant (AStem) HA to remove
non-stem directed antibodies. Briefly, ferret immune sera
taken 2 weeks after the second immunization were subjected
to the assay. The plasmids encoding for AStem and ARBS
HAs were transfected into 293F cells. Three days after
transfection, the cells were analyzed by flow cytometry to
confirm expression of HA on the cell surface and used for
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serum absorption. One ml of the immune sera diluted at
1:100 and 1:1,000 was incubated with 100 ul of pre-washed
AStem and ARBS HA-expressing 293F cell pellets, respec-
tively. After incubating for 1 hour at 4° C., supernatants were
harvested by centrifugation and binding to WT and mutant
HAs was examined by ELISA previously described (C. J.
Wei et al., Induction of broadly neutralizing HINT1 influenza
antibodies by vaccination. Science 329, 1060-1064 (2010)).
The AStem HA-pre-absorbed sera were also used for com-
petition ELISA.

Stem-specific abs were detected in HA-np-immunized
ferrets (6/6) in greater frequency and magnitude than TIV-
immune ferrets (2/6) (FIG. 8B, left; p=0.0056). Moreover,
binding of these pre-absorbed sera to HA was inhibited by
CR6261 mAb (FIG. 8B, right; p=0.0019), further document-
ing the specificity of HA-np immune sera to the stem
epitope. The HAI titers against heterologous 2007 Bris virus
were also significantly higher in ferrets immunized with
HA-np (6/6, 1:80-1:640) than with TIV (3/6, 1:40-1:80)
(FIG. 8A, right; p=0.0054). Interestingly, in contrast to a
previous study in which DNA prime/TIV boost was used to
elicit anti-stem broadly neutralizing abs (bnAbs) (C. J. Wei
et al., Induction of broadly neutralizing HIN1 influenza
antibodies by vaccination. Science 329, 1060-1064 (2010)),
sera from animals immunized with HA-np showed HAI ab
titers against a highly divergent 1934 PRS strain, with titers
=1:40 in all ferrets. However, no HAI titers against 1934
PR8 were detected in TIV-immunized ferrets (FIG. 8A,
right). These data suggested that the HA-np vaccine might
elicit another class of nAb directed towards the conserved
RBS in the HA head.

To determine whether HA-np elicited abs against RBS, an
RBS mutant HA (ARBS) was generated by introducing a
glycosylation site in the sialic acid binding pocket at residue
190 (FIG. 9) (D. Lingwood et al., Structural and genetic
basis for development of broadly neutralizing influenza
antibodies. Nature, in press). Ferret immune sera were
absorbed with ARBS HA-expressing cells to remove abs to
HA outside of this region and tested for binding against WT
or ARBS HA. RBS-directed abs were detected with titers of
>1:2,000 in all HA-np-immunized ferrets, but only 1 out of
6 ferrets that received TIV (FIG. 8B, middle).

To define the relative contributions of these stem and RBS
abs to the breadth of neutralization, neutralization assays
were performed in the presence of competitor proteins: WT,
AStem or ARBS HA. In the presence of excess AStem HA,
only stem-directed abs can neutralize viruses; similarly,
ARBS HA interferes with all antibodies in the serum except
those proximal to the RBS. The relative contribution of
stem- and RBS-directed neutralization was measured as
activity remaining in the presence of the respective com-
petitor HA. For example, with 2007 Bris, ARBS HA only
partially inhibited neutralization, while either WT or AStem
HA almost completely abolished the neutralization activity
of the sera; hence, the neutralization against 2007 Bris was
due almost entirely to RBS-directed abs (FIG. 8C). Four
HINI strains were tested in this assay. The pattern of
neutralization inhibition varied by strain. Neutralization of
1999 NC or 2007 Bris was mediated predominantly by
RBS-directed abs. However, neutralization of 1986 Sing
was due mainly to stem-directed abs. Interestingly, the
neutralization of 1995 Beijing was more complex. Both
stem- and RBS-directed abs contributed to neutralization of
this virus (FIG. 8C).

These results demonstrate that HA-np induce both known
types of bnAbs—stem-directed and RBS-directed. Together,
these abs contribute to the breadth and potency of the
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immune sera elicited by HA-np. The synergy between them
explains mechanistically the observed superior efficacy of
the HA-np vaccine and decreases the likelihood of viral
escape mutations from either antibody alone.

Taken together the above-disclosed Examples demon-
strate that a ferritin-based nanoparticle is able to present
trimeric HA in its native fold, rigidly and symmetrically,
with sufficient spacing to ensure optimal access to potential
bnAbs directed to the stem. They also demonstrate that the
nanoparticles have enhanced immunogenicity and an
expanded neutralization breadth to both stem and RBD
antibodies.

Example 8

Immunization of Mice and Ferrets Using a
Tetravalent Vaccine

This Example demonstrates the ability of a multivalent
vaccine to elicit an immune response against several strains
and sub-types of influenza virus.

The ability of a pan-group 1 vaccine to stimulate neutral-
izing antibodies against a variety of influenza viruses was
tested in mice and ferrets using a protocol similar to that
described in Example 1, and outlined in FIG. 11. Briefly, a
pan-group 1 HA-ferritin np vaccine was produced by com-
bining four different monovalent HA-ferritin np vaccines.
Specifically, HA-ferritin np, each expressing either H1
A/NC/20/1999, H1 A/CA/04/2009, H2 A/Singapore/1/1957
or H5 A/Indonesia/05/2005, were combined to produce a
single vaccine containing all four HA proteins. Mice were
immunized twice in a four week interval using 6.8 ug total
of the pan-group 1 vaccine (1.7 ug of each HA-ferritin np)
in Ribi. Ferrets were immunized twice in a four week
interval using 10 ug total of the pan-group 1 vaccine (2.5 ug
of'each HA-ferritin np) in Ribi. Blood was obtained from the
immunized animals and the titer of neutralizing antibodies
against various influenza viruses measured. The results of
this analysis are shown in FIGS. 12-14. Immunized ferrets
were also challenged with either influenza A/Brisbane/59/
2007 Brisbane (HIN1) (2207 Bris) (FIG. 15) or influenza
A/Mexico/2009 (HIN1) (2009 Mex) (FIG. 16) and the
resulting virus titers measured on day 3 and 5 post-chal-
lenge.

Example 9

Design and Construction HA-Ferritin Stem-Region
Fusion Proteins

This Example demonstrates the construction of HA-fer-
ritin proteins and nanoparticles that present the stem region
of the influenza HA protein.

As illustrated in FIG. 17, the stem region of the influenza
HA protein is highly conserved among different influenza
strains, and possesses a site of vulnerability for Group 1
viruses. Thus, a vaccine that elicits neutralizing antibodies
against the stem region of the influenza HA protein should
be broadly neutralizing. A nanoparticle displaying the stem
region of the influenza stem region was constructed as a
vaccine.

Design of an HA-Stabilized Stem Fusion Protein.

An HA-stabilized stem fusion protein (HA SS) was con-
structed as follows: residues 43-313 of the head domain of
HA1 were replace with a Gly-Trp-Gly linker. The membrane
distal end of HA2 (residues 59 to 93) was replaced by an
HIV-1 Bal gp4l HR2 helix followed by a six residue



US 9,441,019 B2

63

glycine-rich linker (Asn-Gly-Thr-Gly-Gly-Gly-Ser-Gly)
and the gp41 HR1 helix. The HR1 helix of gp41 was added
in frame with helix C of HA2 so as to generate a long central
chimeric helix. The resulting six helix bundle sitting atop the
modified hemagglutinin stem provides stability to the SS
trimer in lieu of the missing head residues. A schematic of
the resulting protein is shown in FIG. 18A, while a ribbon
diagram is shown in FIG. 18B. A second trimerization
domain consisting of a 28 residue T4 foldon domain was
joined to the membrane proximal C-terminus of HA2. The
HA SS-ferritin nanoparticle (HA SS-np) protein was gener-
ated by joining residue 174 (H3 numbering) of HA SS to H.
pylori ferritin (residues 5-167) with a Ser-Gly-Gly linker.

In constructing HA-SS fusion proteins, genes encoding
wild-type HA proteins (A/Puerto Rico/8/1934 (H1 1934
PR8), A/Singapore/6/1986 (H1 1986 Sing), A/New Caledo-
nia/20/1999 (H1 1999 NC), A/Brisbane/59/2007 (H1 2007
Bris), A/Vietnam/1203/2004 (H5 2004 VN), A/Canada/720/
05 (H2 2005 CAN), A/Hong Kong/1/1968 (H3 1968 HK),
A/Hong Kong/1073/1999 (H9 1999 HK) and their corre-
sponding NAs, H1 NC 99 SS, RSC3 HIV gpl120 control
protein, and all Abs (CR6261, F16v3, and VRCO1) were
synthesized with human preferred codons as previously
described (Wei et al. Science 2010, 329(5995):1060-4).
Helicobacter pylori nonheme iron-containing ferritin (Gen-
Bank NP 223316) with a point mutation (N19Q) to abolish
a potential N-linked glycosylation site was synthesized by
PCR-based accurate synthesis (Xiong et al. Nat Protoc 2006,
1(2):791-797) using human-preferred codons. Coding
sequences for the human CDS5 leader sequence and a serine-
glycine-glycine (SGG) spacer were joined to the gene frag-
ment encoding ferritin (residues 5-167) to generate a
secreted protein. HA and HA SS-np fusion proteins were
generated by overlap PCR by joining the HA ectodomains at
residue HA2 174 (H3 numbering) to H. pylori ferritin
(residues 5-167) with a Ser-Gly-Gly linker. Stem mutant
probes Astem (glycosylation insertion into the CR6261
binding epitope at position 45 in HA2; H3 numbering)
which prevent binding at the conserved H1 stem epitope
were generated using site directed mutagenesis. Genes
encoding these proteins were cloned into a CMVR plasmid
backbone for efficient mammalian cell expression.

Protein Expression and Purification

Plasmids encoding soluble proteins were transfected (HA
ectodomain genes were cotransfected with the correspond-
ing NA encoding plasmids) into the human embryonic
kidney cell line 293F and isolated from expression super-
natants 72-96 hrs post-transfection. All HA and HA SS
trimeric proteins were purified first by metal chelation
affinity chromatography and then by size exclusion chroma-
tography as previously described (Wei et al. J Virol. 2008,
82(13):6200-8). 1gG Abs were purified using a Protein G
affinity column (GE Healthcare). The HA- and HA SS-np
were purified by affinity column chromatography using
Erythrina cnistagalli agglutinin (ECA, coral tree lectin; EY
Laboratories, Inc.) specific for galactose p(1,4)N-acetylglu-
cosamine and Galanthus nivalis agglutinin (GNA, snowdrop
lectin; EY Laboratories, Inc.) specific for a(1,3) and a(1,6)
linked high mannose structures, respectively. HA- and HA
SS-np were further purified by size exclusion chromatogra-
phy with a Superose 6 PG XK 16/70 column (GE Health-
care) in PBS (FIG. 19).

HA SS-Ferritin Characterization.

HA SS-ferritin np were visualized by electron micros-
copy. Briefly, purified HA SS-np were negatively stained
with phosphotungstic acid and ammonium molybdate,
respectively, and images were recorded on a Tecnai T12
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microscope (FEI) at 80 kV with a CCD camera (AMT
Corp.). The results of this analysis are shown in FIG. 20. IN
addition, the ability of purified HA SS and HA SS-np to bind
to monoclonal Abs CR6261 and FI6v3 (1.7x107* to 10
ng/ml.) was characterized by ELISA. HA and HIV gp120
proteins served as controls. Ab binding was detected by
peroxidase-conjugated goat anti-human IgG. The results of
this analysis, which are shown in FIG. 21, demonstrate that
HASS-ferritin is antigenically similar to HA protein.

Example 10
Immune Response to HA SS-Ferritin Nanoparticles

This Example demonstrates the immune response gener-
ated in animals following immunization with HA SS-ferritin
np.

BALB/c mice were immunized twice intramuscularly
with protein (2 or 10 ng each) formulated with Ribi adjuvant
system (Sigma) at a 3 week interval. Mice received either
homologous (HA SS-np prime and boost) or heterologous
(HA-np prime and HA SS-np boost) immunizations. Ferrets
were immunized three times intramuscularly with HA SS-np
(10 pg each) formulated with Ribi adjuvant system (Sigma)
at weeks 0, 4 and 14. Serum was collected from animals 2
weeks after each immunization and 1 week prior to the first
immunization and heat inactivated (30 min at 56° C.).

Pre- and post-immune sera from immunized mice and
ferrets were assayed for binding to HA and HA SS by
ELISA. Briefly, sera were serially diluted (diluted 50 to
2.3x10°) and assayed for reactivity to soluble trimeric HA
and HA SS proteins, as well as control proteins (200 ng/well
with molar equivalents plated according to HA SS). Binding
was detected by peroxidase conjugated anti-mouse or anti-
ferret IgG, respectively. Endpoint dilutions were determined
from nonlinear fit dose-response curves using a detection
limit of 2x background absorbance. The result from this
analysis are shown in FIG. 22 and demonstrate that stem
specific cross-reactive antibodies which recognize the con-
served stem-epitope are elicited by HA SS-np vaccination.

Sera were also analyzed for neutralization of pseudotyped
recombinant lentiviruses expressing wild-type HA with the
corresponding NA with a luciferase reporter gene as previ-
ously described (Wei et al. Science 2010, 329(5995):1060-4)
following pretreatment with receptor-destroying enzyme
(RDE II; Denka Seiken Co., Ltd.). Psuedotype neutralization
competition of ferret serum was performed by incubating
serially diluted serum in the presence of either H1 1999 NC
SS, H1 1999 NC SS Astem probe or gpl20 control (10
ng/mL) for 1 hr (RT) before addition to pseudotyped recom-
binant lentiviruses and assaying for neutralization. The
results from this analysis are shown in FIG. 23 and dem-
onstrate that vaccination with HA SS-np elicits neutralizing
antibodies against various group-1 strains.

Example 11

Immune Response to HA SS-Ferritin Heterologous
Immunization Boost

This example demonstrates that HA SS-np can be utilized
to boost antibodies directed to the conserved stem epitope.
BALB/c mice were immunized twice intramuscularly
with heterologous ferritin proteins (HA-np prime and HA
SS-np boost; 2 pg each) formulated with Ribi adjuvant
system (Sigma) at a 3 week interval. Serum was collected
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from animals 2 weeks after each immunization and 1 week
prior to the first immunization and heat inactivated (30 min
at 56° C.).

Pre- and post-immune sera from immunized mice were
assayed for binding to HA and HA SS by ELISA. Briefly,
sera were serially diluted (diluted 50 to 2.3x10°%) and
assayed for reactivity to soluble trimeric HA and HA SS
proteins, as well as control proteins (200 ng/well with molar
equivalents plated according to HA SS). Binding was
detected by peroxidase conjugated anti-mouse or anti-ferret
IgG, respectively. Endpoint dilutions were determined from
nonlinear fit dose-response curves using a detection limit of
2x background absorbance. The results from this analysis
are shown in FIG. 22 and demonstrate that cross-reactive
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corresponding NA with a luciferase reporter gene as previ-
ously described (Wei et al. Science 2010, 329(5995):1060-4)
following pretreatment with receptor-destroying enzyme
(RDE 1II; Denka Seiken Co., Ltd.). The results from this
analysis are shown in FIG. 24 and demonstrate that mice
which have preexisting stem antibodies titers can be boosted
with HA SS-np.

While the present invention has been described with
reference to the specific embodiments thereof, it should be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a
particular situation, material, composition of matter, pro-

stem-epitope specific antibodies are being elicited. 15 cess, process step or steps, to the objective, spirit and scope
Sera were also analyzed for neutralization of pseudotyped of the present invention. All such modifications are intended
recombinant lentiviruses expressing wild-type HA with the to be within the scope of the claims.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 129
<210> SEQ ID NO 1
<211> LENGTH: 504
<212> TYPE: DNA
<213> ORGANISM: Helicobacter pylori
<400> SEQUENCE: 1
atgttatcaa aagacatcat taagttgcta aacgaacaag tgaataagga aatgaactct 60
tccaacttgt atatgagcat gagttcatgg tgctatacce atagcttaga tggegegggy 120
cttttettgt ttgaccatge ggctgaagaa tacgagcatg ctaaaaagct tattatctte 180
ttgaatgaaa acaatgtgcc tgtgcaattyg accagcatca gegegectga gcataagttt 240
gaaggtttga ctcaaatttt ccaaaaagcc tatgaacatg agcaacacat cagcgagtct 300
attaacaata tcgtagatca cgccataaaa agcaaagatc atgcgacttt caatttcettg 360
caatggtatyg tggctgaaca gcatgaagaa gaagtgcttt tcaaggatat tttggataaa 420
attgagttga ttggtaatga aaaccatggc ttgtatttag ccgatcagta tgtcaaaggg 480
atcgctaaaa gcaggaaatc ttaa 504
<210> SEQ ID NO 2
<211> LENGTH: 167
<212> TYPE: PRT
<213> ORGANISM: Helicobacter pylori
<400> SEQUENCE: 2
Met Leu Ser Lys Asp Ile Ile Lys Leu Leu Asn Glu Gln Val Asn Lys
1 5 10 15
Glu Met Asn Ser Ser Asn Leu Tyr Met Ser Met Ser Ser Trp Cys Tyr
20 25 30
Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp His Ala Ala
35 40 45
Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu Asn Glu Asn
50 55 60
Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu His Lys Phe
65 70 75 80
Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His Glu Gln His
85 90 95
Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile Lys Ser Lys
100 105 110
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Asp

Glu

Gly

145

Ile

His

Glu

130

Asn

Ala

Ala
115
Glu

Glu

Lys

Thr Phe

Val Leu

Asn His

Ser Arg
165

<210> SEQ ID NO 3
<211> LENGTH: 504
<212> TYPE: DNA

<213> ORGANISM: Helicobacter pylori

<400> SEQUENCE: 3

ttaagatttc ctgcttttag

gttttcatta

atgctgttca

ggcgtgatcet

ttggaaaatt

cacaggcaca

agccgeatgg

actcatgetce

cttaatgatg

<210>
<211>
<212>
<213>

<400>

gacatcatca agctgctgaa

atgagcatga

gaccacgecyg

aacgtgeceeg

cagatcttce

gtggaccacyg

gccgagcage

ggcaacgaga

aggaagagc

<210>
<211>
<212>
<213>

<400>

Asp Ile Ile Lys Leu Leu Asn Glu Gln

1

Ser Asn Leu Tyr Met Ser Met Ser Ser

Asp Gly Ala Gly Leu Phe Leu Phe Asp

ccaatcaact
gccacatace
acgatattgt
tgagtcaaac
ttgttttcat
tcaaacaaga
atatacaagt
tcttttgata
SEQ ID NO 4
LENGTH: 489
TYPE: DNA

ORGANISM: Helicobacter pylori

SEQUENCE: 4

gcagetggty
ccgaggagta
tgcagctgac
agaaggccta
ccatcaagag
acgaggagga

accacggect

SEQ ID NO 5
LENGTH: 163
TYPE :
ORGANISM: Helicobacter pylori

PRT

SEQUENCE: 5

5

20

Asn

Phe

Gly

150

Lys

Phe
Lys
135

Leu

Ser

acat

Leu Gln Trp Tyr
120

Asp Ile Leu Asp

Tyr Leu Ala Asp
155

cgatcecttt gacatactga

caattttatc caaaatatcc

attgcaagaa attgaaagtc

taatagactc gctgatgtgt

cttcaaactt atgctcagge

tcaagaagat aataagcttt

aaagccccge gccatctaag

tggaagagtt catttcctta

cgagcaggty aacaaggaga
ctacacccac agcctggacyg
cgagcacgcece aagaagctga
cagcatcage gcccccgage
cgagcacgag cagcacatca
caaggaccac gccacctteca
ggtgcetgtte aaggacatce

gtacctggce gaccagtacg

10

25

Val Ala Glu Gln His

125

Lys Ile Glu Leu Ile

140

Gln Tyr Val Lys Gly

tcggctaaat

ttgaaaagca

gecatgatett

tgctcatgtt

gegetgatge

ttagcatget

ctatgggtat

ttcacttgtt

tgcagagcag
gegecggect
tcatcttect
acaagttcga
gcgagagceat
acttcctgea
tggacaagat

tgaagggcat

30

160

acaagccatg

cttcttette

tgctttttat

cataggettt

tggtcaattyg

cgtattette

agcaccatga

cgtttagcaa

caacctgtac

gttectgtte

gaacgagaac

gggectgace

caacaacatc

gtggtacgtg

cgagctgatce

cgccaagage

Val Asn Lys Glu Met Gln Ser

15

Trp Cys Tyr Thr His Ser Leu

His Ala Ala Glu Glu Tyr Glu

60

120

180

240

300

360

420

480

504

60

120

180

240

300

360

420

480

489
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35

His Ala Lys
50

Gln Leu Thr
65

Gln Ile Phe

Ile Asn Asn

Phe Asn Phe

115

Leu Phe Lys
130

His Gly Leu
145

Arg Lys Ser
<210> SEQ I

<211> LENGT.
<212> TYPE:

40

Lys Leu Ile Ile Phe

55

Ser Ile Ser Ala Pro

70

Gln Lys Ala Tyr Glu

85

Ile Val Asp His Ala

100

Leu Gln Trp Tyr Val

120

Asp Ile Leu Asp Lys

135

Tyr Leu Ala Asp Gln
150

D NO 6
H: 489
DNA

Leu Asn Glu
Glu His Lys
75

His Glu Gln
90

Ile Lys Ser
105

Ala Glu Gln

Ile Glu Leu

Tyr Val Lys
155

<213> ORGANISM: Helicobacter pylori

<400> SEQUENCE: 6

getettecty
ctegttgeceyg
ctgeteggec
gtggtccacy
gaagatctgg
gggcacgttg
ggegtggteg
catgctcatg
gatgatgte
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

ctcttggega

atcagctega

acgtaccact

atgttgttga

gtcaggcect

ttctegttea

aacaggaaca

tacaggttge

D NO 7
H: 1695
DNA

tgcecctteac

tcttgtecag

gcaggaagtt

tgctecteget

cgaacttgtyg

ggaagatgat

ggccggcegcec

tgctctgeat

ISM: Influenza virus

<400> SEQUENCE: 7

atgaaggcca

tgtatcgget

gtgaccgtga

ctgaaaggca

aaccccgagt

aatcctgaga

cagctgteta

cctaatcaca

taccggaacc

tacgtgaaca

aactgetggt

accacgccaa

cccactetgt

ttgccectet

gtgagctget

atggcacctyg

gegtgtecag

cagtgacagg

tgctgtgget

acaaggaaaa

getgetgtgt

caatagcacc

gaacctgetyg

gcagctgggc

gatttctaag

ctaccetgge

cttegagaga

cgtgtetgec

gacaggcaag

ggaagtgctg

gtactggtcyg

gatgtcctty

gaaggtggeg

gatgtgctge

ctcgggggcy

cagcttettyg

gtccaggety

ctecttgtte

acctttaccyg

gacaccgtgg

gaggacagcce

aattgttetg

gagagctgga

tacttecgeeg

ttcgagatct

agctgtagec

aatggcctgt

gtgctgtggg

45

Asn Asn Val
60

Phe Glu Gly

His Ile Ser

Lys Asp His

110

His Glu Glu
125

Ile Gly Asn
140

Gly Ile Ala

gccaggtaca
aacagcacct
tggtccttge
tegtgetegt
ctgatgetygyg
gegtgetegt
tgggtgtage

acctgetegt

ccacctacge
atacagtgct
acaatggcaa
tggceggatg
gctacategt
attacgagga
tcceccaagga
acaacggcaa
accccaacct

gagtgcacca

Pro Val
Leu Thr
80

Glu Ser
95

Ala Thr

Glu Val

Glu Asn

Lys Ser
160

ggccgtggtt
cctectegty
tcttgatgge
aggccttetyg
tcagctgeac
actcctegge
accagetget

tcagcagett

cgacacaatc

ggagaagaac

getgtgtetyg

gattctggge

ggagacccce

getgegegag

gtccagetgg

aagcagcttce

gagcaagagc

cccteccaac

60

120

180

240

300

360

420

480

489

60

120

180

240

300

360

420

480

540

600
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atcggaaatc agcgggecct gtaccacaca gagaacgcect atgtgagegt ggtgtccage 660
cactacagca gaagattcac ccccgagatce gecaagagac ccaaagtgag agaccaggag 720
ggcecggatca attactactg gaccctgetg gagectggeg ataccatcat cttecgaggece 780
aacggcaatc tgatcgecce ttggtatgece tttgccctga gcagaggett tggcagegge 840
atcatcacaa gcaacgcccce catggatgag tgtgatgcca agtgccagac acctcaggge 900
gccatcaata gcagectgee cttecagaat gtgcaccctg tgaccategg cgagtgcccce 960
aagtatgtga gaagcgccaa gctgagaatg gtgaccggcce tgagaaacat ccctagcatce 1020
cagagcagag gactgtttgg agccatcgcce ggattcatcg agggaggatg gacaggcatg 1080
gtggatggct ggtacggcta ccaccaccag aatgagcagg gctctggata tgccgccgat 1140
cagaagtcta cccagaacgc catcaacggce atcaccaaca aggtgaacag cgtgatcgag 1200
aagatgaaca cccagtttac cgctgtgggce aaggagttca acaagctgga gcggaggatg 1260
gagaacctga acaagaaggt ggacgacggc tttctggaca tcectggaccta caatgccgaa 1320
ctecctggtece tectecgagaa tgagaggacce ctggacttcecce acgacagcaa cgtgaagaac 1380
ctgtatgaga aggtgaagag ccagctgaag aacaacgcca aggagatcgyg caacggcetge 1440
ttcgagttct accacaagtyg taacaacgag tgtatggaga gcgtgaagaa cggcacctac 1500
gactacccta agtacagcga ggagagcaag ctgaaccggg agaagatcga tggcgtgaag 1560
ctggagagca tgggcgtgta tcagatcctg gccatctaca gcacagtggce ctcettetcetg 1620
gtgctgctgg tgtctetggg cgccatctece ttttggatgt getccaacgg cagecctgcag 1680
tgcaggatct gtatce 1695

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 8
H: 565
PRT

ISM: Influenza virus

<400> SEQUENCE: 8

Met Lys Ala
1

Ala Asp Thr
Val Asp Thr
35

Leu Leu Glu
50

Ala Pro Leu
65

Asn Pro Glu

Val Glu Thr
Ala Asp Tyr
115

Glu Arg Phe
130

Val Thr Gly
145

Tyr Arg Asn

Lys Leu Leu Val Leu

5

Ile Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Asp Ser His Asn Gly

55

Gln Leu Gly Asn Cys

Cys Glu Leu Leu Ile

85

Pro Asn Pro Glu Asn

100

Glu Glu Leu Arg Glu

120

Glu Ile Phe Pro Lys

135

Val Ser Ala Ser Cys
150

Leu Leu Trp Leu Thr

165

Leu Cys Thr
10

His Ala Asn
25

Val Thr Val

Lys Leu Cys

Ser Val Ala
75

Ser Lys Glu
90

Gly Thr Cys
105

Gln Leu Ser

Glu Ser Ser

Ser His Asn
155

Gly Lys Asn
170

Phe Thr Ala
Asn Ser Thr
30

Thr His Ser
45

Leu Leu Lys
60

Gly Trp Ile

Ser Trp Ser

Tyr Pro Gly
110

Ser Val Ser
125

Trp Pro Asn
140

Gly Lys Ser

Gly Leu Tyr

Thr Tyr

15

Asp Thr

Val Asn

Gly Ile

Leu Gly

Tyr Ile

95

Tyr Phe

Ser Phe

His Thr

Ser Phe
160

Pro Asn
175
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Leu

Trp

Arg

225

Gly

Ile

Leu

Asp

Ser

305

Lys

Ile

Ile

Gln

385

Lys

Glu

Asp

Arg

465

Phe

Asn

Arg

Ile

Ser
545

Cys

Ser

Gly

Thr

210

Phe

Arg

Phe

Ser

Glu

290

Leu

Tyr

Pro

Glu

Gln

370

Asn

Met

Arg

Ile

Thr

450

Lys

Glu

Gly

Glu

Leu
530

Leu

Arg

Lys

Val

195

Glu

Thr

Ile

Glu

Arg

275

Cys

Pro

Val

Ser

Gly

355

Asn

Ala

Asn

Arg

Trp

435

Leu

Ser

Phe

Thr

Lys

515

Ala

Gly

Ile

Ser

180

His

Asn

Pro

Asn

Ala

260

Gly

Asp

Phe

Arg

Ile

340

Gly

Glu

Ile

Thr

Met

420

Thr

Asp

Gln

Tyr

Tyr

500

Ile

Ile

Ala

Cys

Tyr

His

Ala

Glu

Tyr

245

Asn

Phe

Ala

Gln

Ser

325

Gln

Trp

Gln

Asn

Gln

405

Glu

Tyr

Phe

Leu

His

485

Asp

Asp

Tyr

Ile

Ile
565

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE: DNA

1695

Val

Pro

Tyr

Ile

230

Tyr

Gly

Gly

Lys

Asn

310

Ala

Ser

Thr

Gly

Gly

390

Phe

Asn

Asn

His

Lys

470

Lys

Tyr

Gly

Ser

Ser
550

Asn

Pro

Val

215

Ala

Trp

Asn

Ser

Cys

295

Val

Lys

Arg

Gly

Ser

375

Ile

Thr

Leu

Ala

Asp

455

Asn

Cys

Pro

Val

Thr
535

Phe

Asn

Asn

200

Ser

Lys

Thr

Leu

Gly

280

Gln

His

Leu

Gly

Met

360

Gly

Thr

Ala

Asn

Glu

440

Ser

Asn

Asn

Lys

Lys

520

Val

Trp

Lys

185

Ile

Val

Arg

Leu

Ile

265

Ile

Thr

Pro

Arg

Leu

345

Val

Tyr

Asn

Val

Lys

425

Leu

Asn

Ala

Asn

Tyr

505

Leu

Ala

Met

Glu

Gly

Val

Pro

Leu

250

Ala

Ile

Pro

Val

Met

330

Phe

Asp

Ala

Lys

Gly

410

Lys

Leu

Val

Lys

Glu

490

Ser

Glu

Ser

Cys

Lys

Asn

Ser

Lys

235

Glu

Pro

Thr

Gln

Thr

315

Val

Gly

Gly

Ala

Val

395

Lys

Val

Val

Lys

Glu

475

Cys

Glu

Ser

Ser

Ser
555

Glu

Gln

Ser

220

Val

Pro

Trp

Ser

Gly

300

Ile

Thr

Ala

Trp

Asp

380

Asn

Glu

Asp

Leu

Asn

460

Ile

Met

Glu

Met

Leu
540

Asn

Val Leu Val

Arg

205

His

Arg

Gly

Tyr

Asn

285

Ala

Gly

Gly

Ile

Tyr

365

Gln

Ser

Phe

Asp

Leu

445

Leu

Gly

Glu

Ser

Gly

525

Val

Gly

190

Ala

Tyr

Asp

Asp

Ala

270

Ala

Ile

Glu

Leu

Ala

350

Gly

Lys

Val

Asn

Gly

430

Glu

Tyr

Asn

Ser

Lys

510

Val

Leu

Ser

Leu

Ser

Gln

Thr

255

Phe

Pro

Asn

Cys

Arg

335

Gly

Tyr

Ser

Ile

Lys

415

Phe

Asn

Glu

Gly

Val

495

Leu

Tyr

Leu

Leu

Leu

Tyr

Arg

Glu

240

Ile

Ala

Met

Ser

Pro

320

Asn

Phe

His

Thr

Glu

400

Leu

Leu

Glu

Lys

Cys

480

Lys

Asn

Gln

Val

Gln
560
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<213> ORGANISM: Influenza virus
<400> SEQUENCE: 9
gatacagatc ctgcactgca ggctgecgtt ggagcacatc caaaaggaga tggcgcccag 60
agacaccagc agcaccagag aagaggccac tgtgetgtag atggccagga tctgatacac 120
geecatgete tcecagettca cgccatcgat ctteteccegg ttecagettge tetecteget 180
gtacttaggyg tagtcgtagg tgcegttett cacgctetece atacactegt tgttacactt 240
gtggtagaac tcgaagcagce cgttgccgat ctecttggeg ttgttetteca getggetett 300
caccttctea tacaggttct tcacgttget gtegtggaag tcecagggtece tctcattcete 360
gaggaggacc aggagttcgg cattgtaggt ccagatgtcce agaaagccgt cgtccacctt 420
cttgttcagg ttctecatce tccgctecag cttgttgaac tecttgccca cageggtaaa 480
ctgggtgttc atcttctecga tcacgctgtt caccttgttg gtgatgccgt tgatggegtt 540
ctgggtagac ttctgatcgg cggcatatce agagccctge tcattcetggt ggtggtagece 600
gtaccagcca tccaccatge ctgtccatce tccctegatg aatccggega tggctccaaa 660
cagtectetyg ctcetggatge tagggatgtt tetcaggecg gtcaccatte tcagettgge 720
gettetcaca tacttgggge actcgecgat ggtcacaggg tgcacattcet ggaagggcag 780
getgetattyg atggecgccct gaggtgtetg gecacttggea tcacactcat ccatggggge 840
gttgcettgtyg atgatgccge tgccaaagcce tcetgctcagg gcaaaggcat accaaggggce 900
gatcagattyg ccgttggect cgaagatgat ggtatcgcca ggctccagca gggtccagta 960
gtaattgatc cggccctcect ggtcectctcac tttgggtcte ttggcgatct cgggggtgaa 1020
tcttetgetg tagtggctgg acaccacgct cacataggeg ttctetgtgt ggtacagggce 1080
ccgctgattt ccgatgttgg gagggtggtg cactccccac agcaccagca cttectttte 1140
cttgttgttc acgtagctcect tgctcaggtt ggggtacagg ccattcttge ctgtcageca 1200
cagcaggttc cggtagaagc tgcttttgce gttgtggcta cagctggcag acacgcctgt 1260
cactgtgtga ttaggccagc tggactcctt ggggaagatc tcgaatctcect cgaagctgga 1320
cacgctagac agctgctcege gcagctecte gtaatcggeg aagtagccag ggtagcaggt 1380
gccattctceca ggattggggg tctceccacgat gtagctccag ctcectecttag aaatcagcag 1440
ctcacacteg gggttgecca gaatccatce ggccacagaa caattgccca gctgcagagg 1500
ggcaatgcct ttcagcagac acagcttgcc attgtggctg tectceccagca ggttcacaga 1560
gtgggtcacg gtcacgttct tctceccagcac tgtatccacg gtgtcecggtgce tattgttgge 1620
gtggtagccg atacagattg tgtcggegta ggtggcggta aaggtacaca gcagcaccag 1680
cagtttggcce ttcat 1695
<210> SEQ ID NO 10
<211> LENGTH: 1551
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 10
atgaaggcca aactgetggt getgetgtgt acctttaceyg ccacctacge cgacacaatce 60
tgtatcgget accacgccaa caatagcacc gacaccgtgg atacagtget ggagaagaac 120
gtgaccgtga cccactctgt gaacctgetg gaggacagec acaatggcaa getgtgtetg 180
ctgaaaggca ttgccectet gecagetggge aattgttetyg tggecggatyg gattcectggge 240
aaccccgagt gtgagetget gatttctaag gagagctgga gctacatcegt ggagacccce 300
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aatcctgaga atggcacctg ctaccctgge tacttegecyg attacgagga gctgegegag 360
cagctgtcta gegtgtecag cttcgagaga ttcgagatcet tecccaagga gtccagetgg 420
cctaatcaca cagtgacagg cgtgtctgec agetgtagece acaacggcaa aagcagette 480
taccggaace tgctgtggcet gacaggcaag aatggcctgt accccaacct gagcaagagce 540
tacgtgaaca acaaggaaaa ggaagtgctg gtgctgtggyg gagtgcacca ccctceccaac 600
atcggaaatc agcgggecct gtaccacaca gagaacgcect atgtgagegt ggtgtccage 660
cactacagca gaagattcac ccccgagatce gecaagagac ccaaagtgag agaccaggag 720
ggcecggatca attactactg gaccctgetg gagectggeg ataccatcat cttecgaggece 780
aacggcaatc tgatcgecce ttggtatgece tttgccctga gcagaggett tggcagegge 840
atcatcacaa gcaacgcccce catggatgag tgtgatgcca agtgccagac acctcaggge 900
gccatcaata gcagectgee cttecagaat gtgcaccctg tgaccategg cgagtgcccce 960
aagtatgtga gaagcgccaa gctgagaatg gtgaccggcce tgagaaacat ccctagcatce 1020
cagagcagag gactgtttgg agccatcgcce ggattcatcg agggaggatg gacaggcatg 1080
gtggatggct ggtacggcta ccaccaccag aatgagcagg gctctggata tgccgccgat 1140
cagaagtcta cccagaacgc catcaacggce atcaccaaca aggtgaacag cgtgatcgag 1200
aagatgaaca cccagtttac cgctgtgggce aaggagttca acaagctgga gcggaggatg 1260
gagaacctga acaagaaggt ggacgacggc tttctggaca tcectggaccta caatgccgaa 1320
ctecctggtece tectecgagaa tgagaggacce ctggacttcecce acgacagcaa cgtgaagaac 1380
ctgtatgaga aggtgaagag ccagctgaag aacaacgcca aggagatcgyg caacggcetge 1440
ttcgagttct accacaagtyg taacaacgag tgtatggaga gcgtgaagaa cggcacctac 1500
gactacccta agtacagcga ggagagcaag ctgaaccggg agaagatcga t 1551

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 11
H: 517
PRT

ISM: Influenza virus

<400> SEQUENCE: 11

Met Lys Ala
1

Ala Asp Thr

Val Asp Thr
35

Leu Leu Glu
50

Ala Pro Leu
65

Asn Pro Glu

Val Glu Thr

Ala Asp Tyr

115

Glu Arg Phe
130

Val Thr Gly

Lys Leu Leu Val Leu

Ile Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Asp Ser His Asn Gly

55

Gln Leu Gly Asn Cys

70

Cys Glu Leu Leu Ile

85

Pro Asn Pro Glu Asn

100

Glu Glu Leu Arg Glu

120

Glu Ile Phe Pro Lys

135

Val Ser Ala Ser Cys

Leu

His

25

Val

Lys

Ser

Ser

Gly
105
Gln

Glu

Ser

Cys

10

Ala

Thr

Leu

Val

Lys

90

Thr

Leu

Ser

His

Thr

Asn

Val

Cys

Ala

75

Glu

Cys

Ser

Ser

Asn

Phe Thr Ala

Asn Ser Thr
30

Thr His Ser

Leu Leu Lys
60

Gly Trp Ile

Ser Trp Ser

Tyr Pro Gly
110

Ser Val Ser
125

Trp Pro Asn
140

Gly Lys Ser

Thr Tyr

15

Asp Thr

Val Asn

Gly Ile

Leu Gly
80

Tyr Ile

95

Tyr Phe

Ser Phe

His Thr

Ser Phe
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80

145

Tyr

Leu

Trp

Arg

225

Gly

Ile

Leu

Asp

Ser

305

Lys

Ile

Ile

Gln

385

Lys

Glu

Asp

Arg

465

Phe

Asn

Arg

<210>
<211>
<212>
<213>

<400>

Arg

Ser

Gly

Thr

210

Phe

Arg

Phe

Ser

Glu

290

Leu

Tyr

Pro

Glu

Gln

370

Asn

Met

Arg

Ile

Thr

450

Lys

Glu

Gly

Glu

Asn

Lys

Val

195

Glu

Thr

Ile

Glu

Arg

275

Cys

Pro

Val

Ser

Gly

355

Asn

Ala

Asn

Arg

Trp

435

Leu

Ser

Phe

Thr

Lys
515

Leu

Ser

180

His

Asn

Pro

Asn

Ala

260

Gly

Asp

Phe

Arg

Ile

340

Gly

Glu

Ile

Thr

Met

420

Thr

Asp

Gln

Tyr

Tyr

500

Ile

SEQUENCE :

Leu

165

Tyr

His

Ala

Glu

Tyr

245

Asn

Phe

Ala

Gln

Ser

325

Gln

Trp

Gln

Asn

Gln

405

Glu

Tyr

Phe

Leu

His

485

Asp

Asp

SEQ ID NO 12
LENGTH:
TYPE: DNA
ORGANISM:

1551

150

Trp

Val

Pro

Tyr

Ile

230

Tyr

Gly

Gly

Lys

Asn

310

Ala

Ser

Thr

Gly

Gly

390

Phe

Asn

Asn

His

Lys

470

Lys

Tyr

Leu

Asn

Pro

Val

215

Ala

Trp

Asn

Ser

Cys

295

Val

Lys

Arg

Gly

Ser

375

Ile

Thr

Leu

Ala

Asp

455

Asn

Cys

Pro

Thr

Asn

Asn

200

Ser

Lys

Thr

Leu

Gly

280

Gln

His

Leu

Gly

Met

360

Gly

Thr

Ala

Asn

Glu

440

Ser

Asn

Asn

Lys

Influenza virus

12

Gly

Lys

185

Ile

Val

Arg

Leu

Ile

265

Ile

Thr

Pro

Arg

Leu

345

Val

Tyr

Asn

Val

Lys

425

Leu

Asn

Ala

Asn

Tyr
505

Lys

170

Glu

Gly

Val

Pro

Leu

250

Ala

Ile

Pro

Val

Met

330

Phe

Asp

Ala

Lys

Gly

410

Lys

Leu

Val

Lys

Glu

490

Ser

155

Asn

Lys

Asn

Ser

Lys

235

Glu

Pro

Thr

Gln

Thr

315

Val

Gly

Gly

Ala

Val

395

Lys

Val

Val

Lys

Glu

475

Cys

Glu

Gly

Glu

Gln

Ser

220

Val

Pro

Trp

Ser

Gly

300

Ile

Thr

Ala

Trp

Asp

380

Asn

Glu

Asp

Leu

Asn

460

Ile

Met

Glu

Leu

Val

Arg

205

His

Arg

Gly

Tyr

Asn

285

Ala

Gly

Gly

Ile

Tyr

365

Gln

Ser

Phe

Asp

Leu

445

Leu

Gly

Glu

Ser

Tyr

Leu

190

Ala

Tyr

Asp

Asp

Ala

270

Ala

Ile

Glu

Leu

Ala

350

Gly

Lys

Val

Asn

Gly

430

Glu

Tyr

Asn

Ser

Lys
510

Pro

175

Val

Leu

Ser

Gln

Thr

255

Phe

Pro

Asn

Cys

Arg

335

Gly

Tyr

Ser

Ile

Lys

415

Phe

Asn

Glu

Gly

Val

495

Leu

160

Asn

Leu

Tyr

Arg

Glu

240

Ile

Ala

Met

Ser

Pro

320

Asn

Phe

His

Thr

Glu

400

Leu

Leu

Glu

Lys

Cys

480

Lys

Asn
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atcgatctte tcceggttca gettgetete ctegetgtac ttagggtagt cgtaggtgece 60
gttettcacyg ctectecatac actegttgtt acacttgtgg tagaactcga agcagccgtt 120
geegatcetee ttggegttgt tcettcagetg getcttecace ttetcataca ggttetteac 180
gttgctgteyg tggaagtcca gggtectete attctegagg aggaccagga gttcggcatt 240
gtaggtccag atgtccagaa agccgtegte caccttettg ttecaggttet ccatcctecg 300
ctccagettyg ttgaactect tgcccacage ggtaaactgg gtgttcatcet tctcegatcac 360
getgttcace ttgttggtga tgcegttgat ggegttetgg gtagacttet gatcggegge 420
atatccagag ccctgetcat tctggtggtg gtagecgtac cagecatcca ccatgectgt 480
ccatectecee tcegatgaatce cggcgatgge tcecaaacagt cctetgetet ggatgetagg 540
gatgtttcte aggccggtca ccattctcag cttggegett ctcacatact tggggcactce 600
geegatggte acagggtgca cattctggaa gggcaggcetg ctattgatgg cgecctgagyg 660
tgtctggcac ttggcatcac actcatccat gggggegttyg cttgtgatga tgccgetgee 720
aaagcctetyg ctcagggcaa aggcatacca aggggcgatce agattgcegt tggectcgaa 780
gatgatggta tcgccagget ccagcagggt ccagtagtaa ttgatccgge cctectggte 840
tctcactttyg ggtctettgg cgatcteggg ggtgaatctt ctgetgtagt ggcetggacac 900
cacgctcaca taggegttcet ctgtgtggta cagggccege tgatttcecga tgttgggagg 960
gtggtgcact ccccacagca ccagcacttc cttttecttg ttgttcacgt agctcttget 1020
caggttgggg tacaggccat tcecttgcctgt cagccacagce aggttccggt agaagctgcet 1080
tttgcegttg tggctacage tggcagacac gcctgtcact gtgtgattag gcecagcetgga 1140
cteccttgggg aagatctcga atctctecgaa gctggacacg ctagacagcet getcecgegcag 1200
ctecctegtaa tcggcgaagt agccagggta gcaggtgceca ttctcaggat tgggggtcete 1260
cacgatgtag ctccagctcect ccttagaaat cagcagctca cactcggggt tgcccagaat 1320
ccatcecggee acagaacaat tgcccagetg cagaggggca atgectttca gcagacacag 1380
cttgccattg tggctgtect ccagcaggtt cacagagtgg gtcacggtca cgttcttcete 1440
cagcactgta tccacggtgt cggtgctatt gttggcgtgg tagccgatac agattgtgtce 1500
ggcgtaggtyg gceggtaaagg tacacagcag caccagcagt ttggecttca t 1551
<210> SEQ ID NO 13
<211> LENGTH: 1554
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 13
atgaaggcca tcctggtggt getgctgtac accttegeca cegecaacge cgacaccctg 60
tgcatcgget accacgccaa caacagcacce gacaccgtgg acaccgtget ggagaagaac 120
gtgaccgtga cccacagegt gaacctgetg gaggacaagce acaacggcaa gctgtgcaag 180
ctgeggggeg tggeccceect gecacctggge aagtgcaaca tegecggetyg gattetggge 240
aaccccgagt gcgagagect gagcaccgece agcagctgga gctacatcegt ggagacccce 300
agcagcgaca acggcacctg ctaccecegge gacttcateg actacgagga gctgegggag 360
cagctgagca gcgtgagcag cttcgagegg ttegagatcet tecccaagac cagcagetgg 420
cccaaccacg acagcaacaa gggcgtgacce gecgectgece cccacgcecgyg cgccaagagce 480
ttctacaaga acctgatctg gectggtgaag aagggcaaca gctaccccaa gctgagcaag 540
agctacatca acgacaaggg caaggaggtg ctggtgctgt ggggcatcca ccaccccage 600
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accagcgeceg accagcagag cctgtaccag aacgccgaca cctacgtgtt cgtgggcage 660
agccggtaca gcaagaagtt caagcccgag atcgecatee ggeccaaggt gcgggaccag 720
gagggccegga tgaactacta ctggaccctg gtggageccg gegacaagat caccttcgag 780
gccaccggea acctggtggt gcecccggtac gecttegeca tggagceggaa cgecggcage 840
ggcatcatca tcagcgacac ccccgtgcac gactgcaaca ccacctgeca gacccccaag 900
ggcgecatca acaccagcect gcccttceccag aacatccacce ccatcaccat cggcaagtge 960
cccaagtacg tgaagagcac caagctgegg ctggccaceyg gectgceggaa catccccage 1020
atccagagcece ggggectgtt cggcgecate gecggcettea tegagggegyg ctggaccgge 1080
atggtggacg gctggtacgg ctaccaccac cagaacgagce agggcagcegyg ctacgecgece 1140
gacctgaaga gcacccagaa cgccatcgac gagatcacca acaaggtgaa cagcgtgatce 1200
gagaagatga acacccagtt caccgeccgtg ggcaaggagt tcaaccacct ggagaagcegg 1260
atcgagaacc tgaacaagaa ggtggacgac ggcttcectgg acatctggac ctacaacgcce 1320
gagetgetygyg tgctgctgga gaacgagegg accctggact accacgacag caacgtgaag 1380
aacctgtacg agaaggtgcg gagccagcetg aagaacaacyg ccaaggagat cggcaacggce 1440
tgcttcgagt tctaccacaa gtgcgacaac acctgcatgg agagcgtgaa gaacggcacce 1500
tacgactacc ccaagtacag cgaggaggcc aagctgaacc gggaggagat cgac 1554

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 14
H: 518
PRT

ISM: Influenza virus

<400> SEQUENCE: 14

Met Lys Ala
1

Ala Asp Thr
Val Asp Thr
35

Leu Leu Glu
50

Ala Pro Leu
65

Asn Pro Glu

Val Glu Thr

Ile Asp Tyr
115

Glu Arg Phe
130

Ser Asn Lys
145

Phe Tyr Lys

Lys Leu Ser

Leu Trp Gly
195

Ile Leu Val Val Leu

Leu Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Asp Lys His Asn Gly

55

His Leu Gly Lys Cys

70

Cys Glu Ser Leu Ser

85

Pro Ser Ser Asp Asn

100

Glu Glu Leu Arg Glu

120

Glu Ile Phe Pro Lys

135

Gly Val Thr Ala Ala
150

Asn Leu Ile Trp Leu

165

Lys Ser Tyr Ile Asn

180

Ile His His Pro Ser

200

Leu

His

25

Val

Lys

Asn

Thr

Gly

105

Gln

Thr

Cys

Val

Asp
185

Thr

Tyr

10

Ala

Thr

Leu

Ile

Ala

90

Thr

Leu

Ser

Pro

Lys
170

Lys

Ser

Thr

Asn

Val

Cys

Ala

75

Ser

Cys

Ser

Ser

His

155

Lys

Gly

Ala

Phe Ala Thr
Asn Ser Thr

30
Thr His Ser
Lys Leu Arg
60

Gly Trp Ile

Ser Trp Ser

Tyr Pro Gly
110

Ser Val Ser
125

Trp Pro Asn
140

Ala Gly Ala

Gly Asn Ser

Lys Glu Val
190

Asp Gln Gln
205

Ala Asn
15

Asp Thr

Val Asn

Gly Val

Leu Gly
80

Tyr Ile
95

Asp Phe

Ser Phe

His Asp

Lys Ser
160

Tyr Pro
175

Leu Val

Ser Leu
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86

Tyr

Lys

225

Glu

Ile

Ala

Thr
305
Pro

Asn

Phe

Thr

385

Glu

Leu

Leu

Glu

Lys

465

Cys

Lys

Asn

Gln

210

Lys

Gly

Thr

Met

His

290

Ser

Lys

Ile

Ile

His

370

Gln

Lys

Glu

Asp

Arg

450

Val

Phe

Asn

Arg

Asn

Phe

Arg

Phe

Glu

275

Asp

Leu

Tyr

Pro

Glu

355

Gln

Asn

Met

Lys

Ile

435

Thr

Arg

Glu

Gly

Glu
515

Ala

Lys

Met

Glu

260

Arg

Cys

Pro

Val

Ser

340

Gly

Asn

Ala

Asn

Arg

420

Trp

Leu

Ser

Phe

Thr

500

Glu

Asp

Pro

Asn

245

Ala

Asn

Asn

Phe

Lys

325

Ile

Gly

Glu

Ile

Thr

405

Ile

Thr

Asp

Gln

Tyr

485

Tyr

Ile

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM:

<400> SEQUENCE:

gtcgatctee tcceggttcea

gttcttcacy

gecgatctee

gttgctgteg

gtaggtccag

ctctecatge

ttggegttgt

tggtagtcca

atgtccagga

1554

Thr

Glu

230

Tyr

Thr

Ala

Thr

Gln

310

Ser

Gln

Trp

Gln

Asp

390

Gln

Glu

Tyr

Tyr

Leu

470

His

Asp

Asp

Tyr

215

Ile

Tyr

Gly

Gly

Thr

295

Asn

Thr

Ser

Thr

Gly

375

Glu

Phe

Asn

Asn

His

455

Lys

Lys

Tyr

Val

Ala

Trp

Asn

Ser

280

Cys

Ile

Lys

Arg

Gly

360

Ser

Ile

Thr

Leu

Ala

440

Asp

Asn

Cys

Pro

Influenza virus

15

gettggecte

aggtgttgte

tcttecagetyg

gggtcegete

agcecgtegte

Phe

Ile

Thr

Leu

265

Gly

Gln

His

Leu

Gly

345

Met

Gly

Thr

Ala

Asn

425

Glu

Ser

Asn

Asp

Lys
505

Val

Arg

Leu

250

Val

Ile

Thr

Pro

Arg

330

Leu

Val

Tyr

Asn

Val

410

Lys

Leu

Asn

Ala

Asn

490

Tyr

Gly

Pro

235

Val

Val

Ile

Pro

Ile

315

Leu

Phe

Asp

Ala

Lys

395

Gly

Lys

Leu

Val

Lys

475

Thr

Ser

ctcgetgtac

gcacttgtgg

getecgecace

gttetecage

caccttettyg

Ser

220

Lys

Glu

Pro

Ile

Lys

300

Thr

Ala

Gly

Gly

Ala

380

Val

Lys

Val

Val

Lys

460

Glu

Cys

Glu

Ser

Val

Pro

Arg

Ser

285

Gly

Ile

Thr

Ala

Trp

365

Asp

Asn

Glu

Asp

Leu

445

Asn

Ile

Met

Glu

Arg

Arg

Gly

Tyr

270

Asp

Ala

Gly

Gly

Ile

350

Tyr

Leu

Ser

Phe

Asp

430

Leu

Leu

Gly

Glu

Ala
510

ttggggtagt

tagaactcga

ttctegtaca

agcaccagca

ttcaggttet

Tyr

Asp

Asp

255

Ala

Thr

Ile

Lys

Leu

335

Ala

Gly

Lys

Val

Asn

415

Gly

Glu

Tyr

Asn

Ser

495

Lys

cgtaggtgee

agcagccgtt

ggttcttcac

geteggegtt

cgatcegett

Ser

Gln

240

Lys

Phe

Pro

Asn

Cys

320

Arg

Gly

Tyr

Ser

Ile

400

His

Phe

Asn

Glu

Gly

480

Val

Leu

60

120

180

240

300
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cteccaggtgg ttgaactect tgcccacgge ggtgaactgg gtgttcatet tctegatcac 360
getgttcace ttgttggtga tctegtegat ggegttetgg gtgctetteca ggteggegge 420
gtagccgetyg cectgetegt tetggtggtyg gtagecgtac cagccgteca ccatgcceggt 480
ccagecgece tcegatgaage cggcgatgge gecgaacagg cceccggcetet ggatgetggg 540
gatgttceege aggecggtgg ccagecgcag cttggtgete ttcacgtact tggggcactt 600
geecgatggty atggggtgga tgttctggaa gggcaggcetyg gtgttgatgg cgeccttggy 660
ggtectggecayg gtggtgttge agtegtgcac gggggtgteg ctgatgatga tgecgetgece 720
ggegttecge tcecatggcega aggegtaccg gggcaccace aggttgecgg tggectcgaa 780
ggtgatcttyg tegecggget ccaccagggt ccagtagtag ttcatccgge cctectggte 840
cegecaccttyg ggceggatgg cgatcteggg cttgaactte ttgctgtace ggetgetgee 900
cacgaacacg taggtgtcgg cgttctggta caggctctge tggteggege tggtgetggg 960
gtggtggatg ccccacagca ccagcacctce cttgcecttg tegttgatgt agetcecttget 1020
cagcttgggg tagctgttge ccttcttcac cagccagatc aggttcttgt agaagctcett 1080
ggcgecggeg tgggggcagg cggcggtcac geccttgttg ctgtegtggt tgggccaget 1140
gctggtecttyg gggaagatct cgaaccgctce gaagctgcte acgctgctca gctgcectececy 1200
cagctecteg tagtcgatga agtcgcecggg gtagcaggtg cecgttgtcege tgetgggggt 1260
ctccacgatg tagctccage tgctggeggt gctcaggcetce tecgcactcgg ggttgcccag 1320
aatccagcceg gcegatgttge acttgeccag gtgcaggggyg gccacgceccee gcagettgea 1380
cagcttgeecg ttgtgcttgt cctceccagcag gttcacgetg tgggtcacgg tcacgttcett 1440
ctccagcacg gtgtccacgg tgtcggtgct gttgttggeg tggtagccga tgcacagggt 1500
gtcggegttyg geggtggcga aggtgtacag cagcaccacc aggatggect tcat 1554
<210> SEQ ID NO 16
<211> LENGTH: 1542
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 16
atggccatca tctacctgat cctgcetgttt acagetgtge ggggcgatca gatctgtate 60
ggctaccacyg ccaacaatag caccgagaag gtggacacca tcctggaaag aaatgtgacce 120
gtgacccacyg ccaaggatat tctggaaaag acccacaacg gcaagctgtg caagctgaat 180
ggcattcecte ctetggaact gggegattgt tcetattgetg getggetget gggaaatcct 240
gagtgcgata gactgctgte tgtgectgag tggagctaca tcatggaaaa agagaaccct 300
agggacggac tgtgttaccc cggcagettce aacgattacyg aggaactgaa gcacctgcetg 360
tccagegtga agcacttcga gaaagtgaag atcctgccca aggatagatg gacccagcat 420
acaacaacag gcggaagcag agcttgtget gtgtcceggea accccagett cttcagaaat 480
atggtctgge tgaccaagaa gggctctaat tatcctgtgg ccaagggcag ctacaataat 540
acaagcggeg agcagatgct gattatttgg ggegtgcacce accctaatga tgagacagag 600
cagagaacce tgtaccagaa tgtgggcaca tacgtgtcetyg tgggcaccag cacactgaat 660
aagagaagca cccccgatat tgccaccaga cccaaagtga atggacaggyg cggcagaatg 720
gaattttect ggaccctget ggatatgtgg gacaccatca actttgagag caccgggaat 780
ctgattgccee ctgagtacgg cttcaagatc agcaagagag gcagcagcegyg catcatgaaa 840
acagagggca ccctggaaaa ctgtgaaacc aagtgtcaga cacctctggg cgccattaat 900
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accaccctge ccttecataa tgtgcacccet ctgacaateg gegagtgcecce taagtacgtg 960
aagtctgaga aactggtgct ggccacagga ctgagaaatg tgccccagat cgagtcaaga 1020
ggcctgtttyg gagccattge cggctttatt gaaggcggat ggcagggaat ggtggatggg 1080
tggtacggct atcaccacag caatgatcag ggatctggct atgccgccga taaagagagc 1140
acccagaagg cctttgacgg catcaccaac aaagtgaaca gcgtgatcga gaagatgaac 1200
acccagtttg aggccgtggg caaagagttc agcaatctgg aaagacggct ggaaaacctg 1260
aacaagaaaa tggaagatgg cttcctggac gtgtggacat ataatgccga getgetggtg 1320
ctgatggaaa acgagaggac cctggacttt cacgacagca acgtgaagaa cctgtacgac 1380
aaagtgcgga tgcagctgag agacaatgtg aaagagctgg gcaacggctg ctttgagttce 1440
taccacaagt gcgacgacga gtgcatgaat agcgtgaaga acggcaccta cgactaccct 1500
aagtatgagg aagagagcaa gctgaacaga aacgagatca ag 1542

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 17
H: 514
PRT

ISM: Influenza virus

<400> SEQUENCE: 17

Met Ala Ile
1

Gln Ile Cys
Thr Ile Leu
35

Glu Lys Thr
50

Leu Glu Leu
65

Glu Cys Asp

Lys Glu Asn

Tyr Glu Glu

115

Val Lys Ile
130

Gly Ser Arg
145

Met Val Trp

Ser Tyr Asn
His His Pro
195

Gly Thr Tyr
210

Pro Asp Ile
225

Glu Phe Ser

Ile Tyr Leu Ile Leu

Ile Gly Tyr His Ala

Glu Arg Asn Val Thr

40

His Asn Gly Lys Leu

55

Gly Asp Cys Ser Ile

70

Arg Leu Leu Ser Val

85

Pro Arg Asp Gly Leu

100

Leu Lys His Leu Leu

120

Leu Pro Lys Asp Arg

135

Ala Cys Ala Val Ser
150

Leu Thr Lys Lys Gly

165

Asn Thr Ser Gly Glu

180

Asn Asp Glu Thr Glu

200

Val Ser Val Gly Thr

215

Ala Thr Arg Pro Lys
230

Trp Thr Leu Leu Asp

245

Leu

Asn

25

Val

Cys

Ala

Pro

Cys

105

Ser

Trp

Gly

Ser

Gln

185

Gln

Ser

Val

Met

Phe

10

Asn

Thr

Lys

Gly

Glu

90

Tyr

Ser

Thr

Asn

Asn

170

Met

Arg

Thr

Asn

Trp
250

Thr

Ser

His

Leu

Trp

75

Trp

Pro

Val

Gln

Pro

155

Tyr

Leu

Thr

Leu

Gly
235

Asp

Ala Val Arg
Thr Glu Lys
30

Ala Lys Asp
45

Asn Gly Ile
60

Leu Leu Gly

Ser Tyr Ile

Gly Ser Phe
110

Lys His Phe
125

His Thr Thr
140

Ser Phe Phe

Pro Val Ala

Ile Ile Trp
190

Leu Tyr Gln
205

Asn Lys Arg
220

Gln Gly Gly

Thr Ile Asn

Gly Asp
15

Val Asp

Ile Leu

Pro Pro

Asn Pro
80

Met Glu
95

Asn Asp

Glu Lys

Thr Gly

Arg Asn
160

Lys Gly
175

Gly Val

Asn Val

Ser Thr

Arg Met

240

Phe Glu
255
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Ser Thr Gly
Arg Gly Ser
275

Glu Thr Lys
290

Phe His Asn
305

Lys Ser Glu

Ile Glu Ser

Gly Trp Gln

355

Asp Gln Gly
370

Phe Asp Gly
385

Thr Gln Phe

Leu Glu Asn

Thr Tyr Asn

435

Asp Phe His
450

Gln Leu Arg
465

Tyr His Lys

Tyr Asp Tyr

Ile Lys

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Asn Leu Ile Ala Pro

260

Ser Gly Ile Met Lys

280

Cys Gln Thr Pro Leu

295

Val His Pro Leu Thr
310

Lys Leu Val Leu Ala

325

Arg Gly Leu Phe Gly

340

Gly Met Val Asp Gly

360

Ser Gly Tyr Ala Ala

375

Ile Thr Asn Lys Val
390

Glu Ala Val Gly Lys

405

Leu Asn Lys Lys Met

420

Ala Glu Leu Leu Val

440

Asp Ser Asn Val Lys

455

Asp Asn Val Lys Glu
470

Cys Asp Asp Glu Cys

485

Pro Lys Tyr Glu Glu

500

D NO 18
H: 1542
DNA

ISM: Influenza virus

<400> SEQUENCE: 18

cttgatcteg

gttcttcacy

geccagetet

gttgctgteg

atatgtccac

ttccagattyg

getgttcact

atagccagat

ccatcegect

cacatttctce

gecgattgte

tttctgttea

ctattcatge

ttcacattgt

tgaaagtcca

acgtccagga

ctgaactett

ttgttggtga

ccctgateat

tcaataaagc

agtcctgtygg

agagggtgca

gettgetete

actcgtegte

ctcteagetyg

gggtcctete

agccatctte

tgcccacgge

tgccgtcaaa

tgctgtggtg

cggcaatgge

ccagcaccag

cattatggaa

Glu Tyr Gly
265

Thr Glu Gly

Gly Ala Ile

Ile Gly Glu

315

Thr Gly Leu
330

Ala Ile Ala
345

Trp Tyr Gly

Asp Lys Glu

Asn Ser Val

395

Glu Phe Ser
410

Glu Asp Gly
425

Leu Met Glu

Asn Leu Tyr

Leu Gly Asn
475

Met Asn Ser
490

Glu Ser Lys
505

ttccteatac
gcacttgtgg
catccgeact
gttttecate
cattttettg
ctcaaactgg
ggcettetgyg
atagccgtac
tccaaacagg

tttctecagac

gggcagggtyg

Phe Lys Ile
270

Thr Leu Glu
285

Asn Thr Thr
300

Cys Pro Lys

Arg Asn Val

Gly Phe Ile
350

Tyr His His
365

Ser Thr Gln
380

Ile Glu Lys

Asn Leu Glu

Phe Leu Asp
430

Asn Glu Arg
445

Asp Lys Val
460

Gly Cys Phe

Val Lys Asn

Leu Asn Arg
510

ttagggtagt
tagaactcaa
ttgtcgtaca
agcaccagca
ttcaggtttt
gtgttcatet
gtgctetett
cacccatceca
cctettgact
ttcacgtact

gtattaatgg

Ser Lys

Asn Cys

Leu Pro

Tyr Val
320

Pro Gln
335

Glu Gly

Ser Asn

Lys Ala

Met Asn
400

Arg Arg
415

Val Trp

Thr Leu

Arg Met

Glu Phe
480

Gly Thr
495

Asn Glu

cgtaggtgee
agcagccgtt
ggttcttcac
geteggeatt
ccagcegtet
tctegatcac
tatcggegge
ccattececty
cgatctgggg

tagggcactce

cgcccagagg

60

120

180

240

300

360

420

480

540

600

660
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tgtctgacac ttggtttcac agttttccag ggtgccctet gttttcatga tgccgcetget 720
gectetettyg ctgatecttga agccgtactce aggggcaatce agattcecegg tgctctcaaa 780
gttgatggtyg tcccacatat ccagcagggt ccaggaaaat tccattctge cgecctgtec 840
attcactttyg ggtctggtgg caatatcggg ggtgcttete ttattcagtyg tgctggtgee 900
cacagacacg tatgtgccca cattctggta cagggttcte tgctectgtet catcattagg 960
gtggtgcacg ccccaaataa tcagcatctg ctcgeccgctt gtattattgt agetgcectt 1020
ggccacagga taattagagc ccttcecttggt cagccagacc atatttctga agaagctggg 1080
gttgccggac acagcacaag ctctgcttecce gectgttgtt gtatgcetggg tcecatctatce 1140
cttgggcagg atcttcactt tctcgaagtg cttcacgetg gacagcaggt gcecttcagttce 1200
ctcgtaatcg ttgaagctgce cggggtaaca cagtccgtece ctagggttcet ctttttecat 1260
gatgtagctc cactcaggca cagacagcag tctatcgcac tcaggatttc ccagcagcca 1320
gccagcaata gaacaatcgce ccagttccag aggaggaatg ccattcagcet tgcacagcett 1380
gcegttgtgg gtettttecca gaatatcectt ggcgtgggte acggtcacat ttectttecag 1440
gatggtgtcc accttctcecgg tgctattgtt ggcgtggtag ccgatacaga tctgatcgece 1500
ccgcacagcet gtaaacagca ggatcaggta gatgatggcce at 1542
<210> SEQ ID NO 19
<211> LENGTH: 1557
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 19
atgaaaacca tcattgccct gagctacatce ttttgtetgg ctetgggeca ggatctgece 60
ggcaatgata atagcaccgce caccctgtgt ctgggacacce acgccgtgec taatggcacce 120
ctggtgaaaa ccattaccga cgaccagatc gaagtgacca atgccaccga gctggtgcag 180
agcagcagca ccggcaagat ctgcaacaac ccccacagaa tcectggatgg catcgactgt 240
accctgateg atgecectget gggcgatcect cactgcgacyg tgttccagaa cgagacatgg 300
gacctgtteyg tggagagaag caaggcecttce agcaactget acccctacga tgtgcccgat 360
tacgecctete tgagaagect ggtggccage ageggcacac tggaattcat caccgaggge 420
tttacctgga caggcgtgac ccagaatgge ggcagcaatyg cctgtaaaag aggccctgge 480
agcggettet tcagcagact gaactggetg accaagtceeg gcagcaccta ccctgtgetg 540
aacgtgacca tgcccaacaa cgacaacttc gacaagctgt acatctgggyg cgtgcaccac 600
cctagcacca atcaggaaca gaccagectg tacgtgcagyg ccageggcag agtgaccgtg 660
tctaccagac ggtcccagca gaccatcatce cccaacateg agtcaagacce ttgggtgcege 720
ggcctgagea gcagaatcag catctactgg accatcgtga aacctggega cgtgetggtg 780
atcaacagca atggcaacct gatcgccccee agaggctact tcaagatgeg gaccggcaag 840
agcagcatca tgagaagcga cgcccccatce gatacctgta tcagcgagtyg catcacccce 900
aacggcagca tccccaacga caagccctte cagaacgtga acaagatcac ctacggcgece 960
tgccctaagt acgtgaagca gaacaccctg aagcetggeca cceggcatgag aaatgtgcce 1020
gagaagcaga caagaggcct gtttggegece attgccgget ttatcgagaa cggctgggag 1080
ggcatgatcg atgggtggta cggcttcaga caccagaatt ctgagggcac aggacaggcce 1140
geecgatctga agtctacaca ggccgecatce gaccagatca acggcaagcet gaacagagtg 1200
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atcgagaaaa ccaacgagaa gttccaccag atcgagaaag aattcagcga ggtggaggge 1260
agaatccagg acctggaaaa atacgtggag gacaccaaga tcgacctgtyg gagctacaat 1320
geecgaactyge tggtecgccct ggaaaaccag cacaccatcg acctgaccga cagcgagatg 1380
aataagctgt tcgaaaagac cagacggcag ctgagagaaa acgccgagga catgggcaac 1440
ggctgetteca agatctacca caagtgcgac aacgcctgca tcgagagcat cagaaacggce 1500
acctacgacc acgatgtgta cagggacgag gccctgaaca acagattcca gatcaag 1557

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 20
H: 519
PRT

ISM: Influenza virus

<400> SEQUENCE: 20

Met Lys Thr
1

Gln Asp Leu
His His Ala
35

Gln Ile Glu
50

Gly Lys Ile
65

Thr Leu Ile

Asn Glu Thr

Cys Tyr Pro

115

Ala Ser Ser
130

Gly Val Thr
145

Ser Gly Phe

Tyr Pro Val

Leu Tyr Ile
195

Ser Leu Tyr
210

Ser Gln Gln
225

Gly Leu Ser

Asp Val Leu

Tyr Phe Lys
275

Pro Ile Asp
290

Pro Asn Asp
305

Ile Ile Ala Leu Ser

Pro Gly Asn Asp Asn

20

Val Pro Asn Gly Thr

40

Val Thr Asn Ala Thr

55

Cys Asn Asn Pro His

70

Asp Ala Leu Leu Gly

85

Trp Asp Leu Phe Val

100

Tyr Asp Val Pro Asp

120

Gly Thr Leu Glu Phe

135

Gln Asn Gly Gly Ser
150

Phe Ser Arg Leu Asn

165

Leu Asn Val Thr Met

180

Trp Gly Val His His

200

Val Gln Ala Ser Gly

215

Thr Ile Ile Pro Asn
230

Ser Arg Ile Ser Ile

245

Val Ile Asn Ser Asn

260

Met Arg Thr Gly Lys

280

Thr Cys Ile Ser Glu

295

Lys Pro Phe Gln Asn
310

Tyr Ile Phe
10

Ser Thr Ala
25

Leu Val Lys

Glu Leu Val

Arg Ile Leu
75

Asp Pro His
90

Glu Arg Ser
105

Tyr Ala Ser

Ile Thr Glu

Asn Ala Cys
155

Trp Leu Thr
170

Pro Asn Asn
185

Pro Ser Thr

Arg Val Thr

Ile Glu Ser
235

Tyr Trp Thr
250

Gly Asn Leu
265

Ser Ser Ile

Cys Ile Thr

Val Asn Lys
315

Cys Leu Ala
Thr Leu Cys
30

Thr Ile Thr
45

Gln Ser Ser
60

Asp Gly Ile

Cys Asp Val

Lys Ala Phe

110

Leu Arg Ser
125

Gly Phe Thr
140

Lys Arg Gly

Lys Ser Gly

Asp Asn Phe
190

Asn Gln Glu
205

Val Ser Thr
220

Arg Pro Trp

Ile Val Lys

Ile Ala Pro
270

Met Arg Ser
285

Pro Asn Gly
300

Ile Thr Tyr

Leu Gly
15

Leu Gly

Asp Asp

Ser Thr

Agsp Cys
80

Phe Gln
95

Ser Asn

Leu Val

Trp Thr

Pro Gly

160

Ser Thr
175

Asp Lys

Gln Thr

Arg Arg

Val Arg
240

Pro Gly

255

Arg Gly

Asp Ala

Ser Ile

Gly Ala
320
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Cys Pro Lys

Arg Asn Val

Gly Phe Ile

355

Phe Arg His
370

Ser Thr Gln
385

Ile Glu Lys

Glu Val Glu

Lys Ile Asp

435

Asn Gln His
450

Glu Lys Thr
465

Gly Cys Phe

Ile Arg Asn

Asn Asn Arg
515

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Tyr Val Lys Gln Asn

325

Pro Glu Lys Gln Thr

340

Glu Asn Gly Trp Glu

360

Gln Asn Ser Glu Gly

375

Ala Ala Ile Asp Gln
390

Thr Asn Glu Lys Phe

405

Gly Arg Ile Gln Asp

420

Leu Trp Ser Tyr Asn

440

Thr Ile Asp Leu Thr

455

Arg Arg Gln Leu Arg
470

Lys Ile Tyr His Lys

485

Gly Thr Tyr Asp His

500

Phe Gln Ile Lys

D NO 21
H: 1557
DNA

ISM: Influenza virus

<400> SEQUENCE: 21

cttgatctgg

gtttectgatg

geccatgtee

ctegetgteg

gtagctccac

ctccaccteg

tctgtteage

ctgtectgtyg

ccageegtte

cacatttctce

gccgtaggtg

ggtgatgcac

geeggtecege

cagcacgteg

cacccaaggt

ggtcactcety

aatctgttgt

ctctegatge

teggegtttt

gtcaggtcga

aggtcgatct

ctgaattett

ttgcegttga

ccctcagaat

tcgataaage

atgccggtgg

atcttgttca

tcgetgatac

atcttgaagt

ccaggtttca

cttgactega

cegetggect

tcagggecte

aggcgttgte

ctcteagetyg

tggtgtgctg

tggtgtecte

tctegatetyg

tctggtegat

tetggtgtet

cggcaatgge

ccagctteag

cgttectggaa

aggtatcgat

agcctetggyg

cgatggteca

tgttggggat

gcacgtacag

Thr

Arg

345

Gly

Thr

Ile

His

Leu

425

Ala

Asp

Glu

Cys

Asp
505

Leu

330

Gly

Met

Gly

Asn

Gln

410

Glu

Glu

Ser

Asn

Asp

490

Val

Lys

Leu

Ile

Gln

Gly

395

Ile

Lys

Leu

Glu

Ala

475

Asn

Tyr

gtcectgtac

gcacttgtgg

cegtetggte

gttttecagyg

cacgtatttt

gtggaacttce

ggngCCtgt

gaagcegtac

gccaaacagg

ggtgttctge

gggcttgtcg

gggggegteg

ggcgatcagg

gtagatgctyg

gatggtctge

getggtetgt

Leu Ala Thr
Phe Gly Ala
350

Asp Gly Trp
365

Ala Ala Asp
380

Lys Leu Asn

Glu Lys Glu

Tyr Val Glu

430

Leu Val Ala
445

Met Asn Lys
460

Glu Asp Met

Ala Cys Ile

Arg Asp Glu
510

acatcgtggt
tagatcttga
ttttcgaaca
gegaccagca
tccaggtect
tegttggttt
gtagacttca
cacccatcga
cctettgtet
ttcacgtact
ttggggatge
cttcteatga
ttgccattge
attctgetge
tgggaccgte

tcctgattygy

Gly Met
335

Ile Ala

Tyr Gly

Leu Lys

Arg Val
400

Phe Ser
415

Asp Thr

Leu Glu

Leu Phe

Gly Asn
480

Glu Ser
495

Ala Leu

cgtaggtgee
agcagccgtt
gcttattcat
gtteggeatt
ggattctgee
tctegatcac
gateggegge
tcatgececte
getteteggg
tagggcaggce
tgcegttggy
tgctgetett
tgttgatcac
tcaggccgeyg

tggtagacac

tgctagggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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gtgcacgcec cagatgtaca gcttgtcgaa gttgtegttg ttgggcatgg tcacgttcag 1020
cacagggtag gtgctgccgg acttggtcag ccagttcagt ctgctgaaga agccgctgcece 1080
agggcctett ttacaggcat tgctgccgcce attctgggtce acgcctgtece aggtaaagcece 1140
ctcggtgatg aattccagtyg tgccgctgct ggccaccagg cttctcagag aggcgtaatce 1200
gggcacatcg taggggtagc agttgctgaa ggccttgctt ctcectccacga acaggtcecca 1260
tgtctegtte tggaacacgt cgcagtgagg atcgcccagce agggcatcga tcagggtaca 1320
gtcgatgcca tccaggatte tgtgggggtt gttgcagatc ttgccggtgce tgctgctcetg 1380
caccagctcg gtggcattgg tcacttcgat ctggtcgteg gtaatggttt tcaccagggt 1440
gccattagge acggcegtggt gtcccagaca cagggtggeg gtgctattat cattgcceggg 1500
cagatcctgg cccagagcca gacaaaagat gtagctcagg gcaatgatgg ttttcat 1557
<210> SEQ ID NO 22
<211> LENGTH: 1557
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 22
atgaaaacca tcattgccct gagctacatce ctgtgcctgyg tgttcacaca gaagetgcce 60
ggcaacgata atagcaccgce cacactgtgt ctgggacacc acgccgtgec taatggcacce 120
atcgtgaaaa caatcaccaa cgaccagatc gaagtgacca atgccacaga gctggtgcag 180
agcagcagca caggcgagat ctgtgacage cceccaccaga tcectggatgg cgagaactgt 240
accctgateg atgecectget gggcgatcect cagtgcgacyg gcettccagaa caagaaatgg 300
gacctgtteyg tggagagaag caaggcctac agcaactget acccctacga cgtgectgat 360
tacgccagee tgagaagect ggtggectet ageggcacce tggaattcaa caacgagagce 420
ttcaactgga ccggegtgac acagaatgge accagcageg cctgcatcag acggtccaac 480
aacagcttcet tcagtagact gaattggetg acccacctga agttcaagta ccccegecctg 540
aacgtgacca tgcccaacaa tgagaagttc gacaagctgt acatctgggyg agtgcaccac 600
cctggeaceg acaacgatca gatctteect tacgeccagyg ccageggcag aatcaccgtg 660
tccaccaaga gaagccagca gaccgtgatce ceccaatateg gcagcagacce cagagtgcgg 720
aacatcccca gcaggatcag catctactgg acaatcgtga agectggega catcctgcetg 780
atcaacagca ccggcaacct gatcgeccect cggggctact ttaagatcag aagcggcaag 840
agcagcatca tgagatccga cgcccccatce ggcaagtgca acagcgagtyg catcacccca 900
aacggcagca tccccaacga caagccctte cagaacgtga acaggatcac ctacggcgece 960
tgccctagat acgtgaagca gaacaccctg aagcetggeca cceggcatgag aaatgtgcce 1020
gagaagcaga ccagaggcat ctttggcgcce attgccgget ttatcgagaa tggctgggag 1080
ggaatggtgg atgggtggta cggcttcaga caccagaata gcgagggaat tggacaggcce 1140
geecgatctga aatctaccca ggccgecatce gaccagatca acggcaagcet gaacaggetg 1200
atcggcaaga ccaacgagaa gttccaccag atcgagaaag aattcagcga ggtggaggge 1260
agaatccagg acctggaaaa atacgtggag gacaccaaga tcgacctgtyg gagctacaat 1320
gccgaactge tggtcecgecct ggaaaaccag cacacaattg atctgacaga cagtgagatg 1380
aataagctgt tcgagaaaac caagaagcag ctgagagaaa acgccgagga catgggcaac 1440
ggctgetteca agatctacca caagtgcgac aacgcctgca tcggcagcat cagaaacggce 1500
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acctacgacc acgacgtgta cagagatgag gccctgaaca accggtttca gatcaag 1557

<210> SEQ ID NO 23

<211> LENGTH: 519

<212> TYPE: PRT

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 23

Met Lys Thr Ile Ile Ala Leu Ser Tyr Ile Leu Cys Leu Val Phe Thr
1 5 10 15

Gln Lys Leu Pro Gly Asn Asp Asn Ser Thr Ala Thr Leu Cys Leu Gly
20 25 30

His His Ala Val Pro Asn Gly Thr Ile Val Lys Thr Ile Thr Asn Asp
35 40 45

Gln Ile Glu Val Thr Asn Ala Thr Glu Leu Val Gln Ser Ser Ser Thr
50 55 60

Gly Glu Ile Cys Asp Ser Pro His Gln Ile Leu Asp Gly Glu Asn Cys
65 70 75 80

Thr Leu Ile Asp Ala Leu Leu Gly Asp Pro Gln Cys Asp Gly Phe Gln
85 90 95

Asn Lys Lys Trp Asp Leu Phe Val Glu Arg Ser Lys Ala Tyr Ser Asn
100 105 110

Cys Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ser Leu Arg Ser Leu Val
115 120 125

Ala Ser Ser Gly Thr Leu Glu Phe Asn Asn Glu Ser Phe Asn Trp Thr
130 135 140

Gly Val Thr Gln Asn Gly Thr Ser Ser Ala Cys Ile Arg Arg Ser Asn
145 150 155 160

Asn Ser Phe Phe Ser Arg Leu Asn Trp Leu Thr His Leu Lys Phe Lys
165 170 175

Tyr Pro Ala Leu Asn Val Thr Met Pro Asn Asn Glu Lys Phe Asp Lys
180 185 190

Leu Tyr Ile Trp Gly Val His His Pro Gly Thr Asp Asn Asp Gln Ile
195 200 205

Phe Pro Tyr Ala Gln Ala Ser Gly Arg Ile Thr Val Ser Thr Lys Arg
210 215 220

Ser Gln Gln Thr Val Ile Pro Asn Ile Gly Ser Arg Pro Arg Val Arg
225 230 235 240

Asn Ile Pro Ser Arg Ile Ser Ile Tyr Trp Thr Ile Val Lys Pro Gly
245 250 255

Asp Ile Leu Leu Ile Asn Ser Thr Gly Asn Leu Ile Ala Pro Arg Gly
260 265 270

Tyr Phe Lys Ile Arg Ser Gly Lys Ser Ser Ile Met Arg Ser Asp Ala
275 280 285

Pro Ile Gly Lys Cys Asn Ser Glu Cys Ile Thr Pro Asn Gly Ser Ile
290 295 300

Pro Asn Asp Lys Pro Phe Gln Asn Val Asn Arg Ile Thr Tyr Gly Ala
305 310 315 320

Cys Pro Arg Tyr Val Lys Gln Asn Thr Leu Lys Leu Ala Thr Gly Met
325 330 335

Arg Asn Val Pro Glu Lys Gln Thr Arg Gly Ile Phe Gly Ala Ile Ala
340 345 350

Gly Phe Ile Glu Asn Gly Trp Glu Gly Met Val Asp Gly Trp Tyr Gly
355 360 365
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Phe Arg His
370

Ser Thr Gln
385

Ile Gly Lys

Glu Val Glu

Lys Ile Asp

435

Asn Gln His
450

Glu Lys Thr
465

Gly Cys Phe

Ile Arg Asn

Asn Asn Arg
515

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Gln Asn Ser Glu Gly

375

Ala Ala Ile Asp Gln
390

Thr Asn Glu Lys Phe

405

Gly Arg Ile Gln Asp

420

Leu Trp Ser Tyr Asn

440

Thr Ile Asp Leu Thr

455

Lys Lys Gln Leu Arg
470

Lys Ile Tyr His Lys

485

Gly Thr Tyr Asp His

500

Phe Gln Ile Lys

D NO 24
H: 1557
DNA

ISM: Influenza virus

<400> SEQUENCE: 24

cttgatctga

gtttectgatg

geccatgtee

ctcactgtet

gtagctccac

ctccaccteg

cctgtteage

ctgtccaatt

ccagecatte

cacatttctce

gccgtaggtg

ggtgatgcac

gecgettety

caggatgtcg

cactctgggt

ggtgattcty

gtgcactcce

ggeggggtac

ggaccgtety

ctegttgtty

aggcacgteg

aaccggttgt

ctgecgatge

teggegtttt

gtcagatcaa

aggtcgatct

ctgaattett

ttgcegttga

cecctegetat

tcgataaage

atgccggtgg

atcctgttca

tegetgttge

atcttaaagt

ccaggettea

ctgetgecga

cegetggect

cagatgtaca

ttgaacttca

atgcaggege

aattccaggg

taggggtagc

tcagggecte

aggcgttgte

ctcteagetyg

ttgtgtgcty

tggtgtecte

tctegatetyg

tctggtegat

tetggtgtet

cggcaatgge

ccagctteag

cgttectggaa

acttgccgat

agccccgagyg

cgattgteca

tattggggat

gggcgtaagg

gettgtcegaa

ggtgggtcag

tgctggtgec

tgccgctaga

agttgctgta

Ile

Ile

His

Leu

425

Ala

Asp

Glu

Cys

Asp
505

Gly

Asn

Gln

410

Glu

Glu

Ser

Asn

Asp

490

Val

Gln

Gly

395

Ile

Lys

Leu

Glu

Ala

475

Asn

Tyr

atctctgtac

gcacttgtgg

cttettggtt

gttttecagyg

cacgtatttt

gtggaacttce

ggcggectgg

gaagcegtac

gccaaagatyg

ggtgttctge

gggcttgtcg

gggggegteg

ggcgatcagg

gtagatgctyg

cacggtetge

gaagatctga

cttcteattyg

ccaattcagt

attctgtgte

ggccaccagg

ggcettgett

Ala Ala Asp
380

Lys Leu Asn

Glu Lys Glu

Tyr Val Glu

430

Leu Val Ala
445

Met Asn Lys
460

Glu Asp Met

Ala Cys Ile

Arg Asp Glu
510

acgtcgtggt
tagatcttga
ttctcgaaca
gegaccagca
tccaggtect
tegttggtet
gtagatttca
cacccatceca
cctetggtet
ttcacgtatc
ttggggatge
gatctcatga
ttgccggtyge
atcctgetygyg
tggettetet
tcegttgtegy
ttgggcatgyg
ctactgaaga
acgccggtec
cttetecagge

ctctecacga

Leu Lys
Arg Leu
400

Phe Ser
415

Asp Thr

Leu Glu

Leu Phe

Gly Asn

480

Gly Ser
495

Ala Leu

cgtaggtgee
agcagccgtt
gcttattcat
gtteggeatt
ggattctgee
tgccgatcag
gatcggcgge
ccattececte
getteteggg
tagggcaggce
tgcegtttygy
tgctgcectcett
tgttgatcag
ggatgttcceg
tggtggacac
tgccagggtyg
tcacgttcag
agctgttgtt
agttgaagct
tggcgtaatce

acaggtccca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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tttcttgtte tggaagcegt cgcactgagg atcgcccagce agggcatcga tcagggtaca 1320
gttctecgeca tcecaggatct ggtgggggcet gtcacagatce tcegectgtge tgctgctetg 1380
caccagctct gtggcattgg tcacttcgat ctggtcgttg gtgattgttt tcacgatggt 1440
gccattagge acggcegtggt gtcccagaca cagtgtggeg gtgctattat cgttgceggg 1500
cagcttetgt gtgaacacca ggcacaggat gtagctcagg gcaatgatgg ttttcat 1557
<210> SEQ ID NO 25
<211> LENGTH: 1560
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 25
atggaaaaga tcgtgctgct getggecatt gtgagectgyg tgaagagcega ccagatctge 60
attggctacce acgccaacaa tagcacagag caggtggaca ccatcatgga aaaaaacgtg 120
accgtgacce acgctcagga catcctggaa aagacccaca acggcaagcet gtgtgatctg 180
gacggcegtga agectcectgat cctgagagat tgtagegtgg ctggatgget getgggcaac 240
cctatgtgeg acgagttcat caacgtgecce gagtggaget atatcgtgga gaaggccaac 300
cccaccaacg atctgtgtta ccccggeage ttcaacgatt acgaggaact gaagcacctg 360
ctgtecccgga tcaaccactt cgagaagatc cagatcatce ccaagtccte ttggagcgat 420
cacgaagcct ctageggagt gtctagegece tgtecttace tgggcagecce cagettette 480
agaaacgtgg tgtggctgat caagaagaac agcacctacce ccaccatcaa gaagagctac 540
aacaacacca accaggaaga tctgctggte ctgtggggaa tccaccacce taatgatgece 600
geecgagcaga ccagactgta ccagaacccce accacctata tcagcatcgg caccagcacce 660
ctgaatcaga gactggtgcce caagatcgec accagatcca aggtgaacgyg ccagagcggce 720
aggatggaat tcttctggac catcctgaag cccaacgacyg ccatcaactt cgagagcaac 780
ggcaacttta tcgeccctga gtacgectac aagatcgtga agaagggcga cagcegccatce 840
atgaagagcg agctggaata cggcaactgce aacaccaagt gccagacacce tatgggcgcece 900
atcaacagca gcatgccectt ccacaacatc caccctctga ccatcggega gtgecctaag 960
tacgtgaaga gcaacagact ggtgctggece acaggcctga gaaatagccce ccagegggag 1020
agcagaagaa agaagagggg cctgtttgga gccatcgecg getttattga aggcggctgg 1080
cagggaatgg tggatggctg gtacggctac caccacagca atgagcaggg ctctggatat 1140
geegecgaca aagagtctac ccagaaggcece atcgacggeg tcaccaacaa ggtgaacagce 1200
atcatcgaca agatgaacac ccagttcgag gctgtgggca gagagttcaa caacctggaa 1260
cggcggatcg agaacctgaa caagaaaatg gaagatggct tcctggatgt gtggacctac 1320
aatgccgaac tgctggtgct gatggaaaac gagcggacce tggacttceca cgacagcaac 1380
gtgaagaacc tgtacgacaa agtgcggetg cagctgagag acaacgccaa agagcetggge 1440
aacggctget tcgagttcta ccacaagtgce gacaacgagt gcatggaaag catcaggaac 1500
ggcacctaca actaccctca gtacagcgag gaagccaggce tgaagaggga agagatcagce 1560

<210> SEQ ID NO 26
<211> LENGTH: 520

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 26

Influenza virus
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Met

Asp

Asp

Leu

Pro

65

Pro

Glu

Asp

Lys

Ser

145

Arg

Lys

Gly

Asn

Leu

225

Arg

Phe

Asn

Met

305

Tyr

Pro

Ala

Gly

Glu
385

Ile

Glu

Gln

Thr

Glu

50

Leu

Met

Lys

Tyr

Ile

130

Gly

Asn

Lys

Ile

Pro

210

Val

Met

Glu

Lys

Cys

290

Pro

Val

Gln

Gly

Tyr

370

Ser

Ile

Asn

Lys

Ile

Ile

35

Lys

Ile

Cys

Ala

Glu

115

Gln

Val

Val

Ser

His

195

Thr

Pro

Glu

Ser

Lys

275

Asn

Phe

Lys

Arg

Phe

355

His

Thr

Asp

Leu

Ile

Cys

20

Met

Thr

Leu

Asp

Asn

100

Glu

Ile

Ser

Val

Tyr

180

His

Thr

Lys

Phe

Asn

260

Gly

Thr

His

Ser

Glu

340

Ile

His

Gln

Lys

Glu

Val

Ile

Glu

His

Arg

Glu

85

Pro

Leu

Ile

Ser

Trp

165

Asn

Pro

Tyr

Ile

Phe

245

Gly

Asp

Lys

Asn

Asn

325

Ser

Glu

Ser

Lys

Met
405

Arg

Leu

Gly

Lys

Asn

Asp

Phe

Thr

Lys

Pro

Ala

150

Leu

Asn

Asn

Ile

Ala

230

Trp

Asn

Ser

Cys

Ile

310

Arg

Arg

Gly

Asn

Ala
390

Asn

Arg

Leu

Tyr

Asn

Gly

55

Cys

Ile

Asn

His

Lys

135

Cys

Ile

Thr

Asp

Ser

215

Thr

Thr

Phe

Ala

Gln

295

His

Leu

Arg

Gly

Glu
375
Ile

Thr

Ile

Leu

His

Val

40

Lys

Ser

Asn

Asp

Leu

120

Ser

Pro

Lys

Asn

Ala

200

Ile

Arg

Ile

Ile

Ile

280

Thr

Pro

Val

Lys

Trp

360

Gln

Asp

Gln

Glu

Ala

Ala

25

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Tyr

Lys

Gln

185

Ala

Gly

Ser

Leu

Ala

265

Met

Pro

Leu

Leu

Lys

345

Gln

Gly

Gly

Phe

Asn

Ile

Asn

Val

Cys

Ala

Pro

90

Cys

Ser

Trp

Leu

Asn

170

Glu

Glu

Thr

Lys

Lys

250

Pro

Lys

Met

Thr

Ala

330

Arg

Gly

Ser

Val

Glu
410

Leu

Val

Asn

Thr

Asp

Gly

Glu

Tyr

Arg

Ser

Gly

155

Ser

Asp

Gln

Ser

Val

235

Pro

Glu

Ser

Gly

Ile

315

Thr

Gly

Met

Gly

Thr
395

Ala

Asn

Ser

Ser

His

Leu

60

Trp

Trp

Pro

Ile

Asp

140

Ser

Thr

Leu

Thr

Thr

220

Asn

Asn

Tyr

Glu

Ala

300

Gly

Gly

Leu

Val

Tyr
380
Asn

Val

Lys

Leu Val Lys

Thr

Ala

45

Asp

Leu

Ser

Gly

Asn

125

His

Pro

Tyr

Leu

Arg

205

Leu

Gly

Asp

Ala

Leu

285

Ile

Glu

Leu

Phe

Asp

365

Ala

Lys

Gly

Lys

Glu

30

Gln

Gly

Leu

Tyr

Ser

110

His

Glu

Ser

Pro

Val

190

Leu

Asn

Gln

Ala

Tyr

270

Glu

Asn

Cys

Arg

Gly

350

Gly

Ala

Val

Arg

Met

15

Gln

Asp

Val

Gly

Ile

95

Phe

Phe

Ala

Phe

Thr

175

Leu

Tyr

Gln

Ser

Ile

255

Lys

Tyr

Ser

Pro

Asn

335

Ala

Trp

Asp

Asn

Glu
415

Glu

Ser

Val

Ile

Lys

Asn

80

Val

Asn

Glu

Ser

Phe

160

Ile

Trp

Gln

Arg

Gly

240

Asn

Ile

Gly

Ser

Lys

320

Ser

Ile

Tyr

Lys

Ser
400

Phe

Asp
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420 425 430

Gly Phe Leu Asp Val Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met

435 440 445
Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu

450 455 460
Tyr Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
465 470 475 480
Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
485 490 495
Ser Ile Arg Asn Gly Thr Tyr Asn Tyr Pro Gln Tyr Ser Glu Glu Ala
500 505 510

Arg Leu Lys Arg Glu Glu Ile Ser

515 520
<210> SEQ ID NO 27
<211> LENGTH: 1560
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 27
gectgatctet teectetteca gectggette ctegetgtac tgagggtagt tgtaggtgec 60
gttectgatyg ctttecatge actegttgte gecacttgtgg tagaactcga agcagccgtt 120
geecagetet ttggegttgt ctctcagetg cagcecgeact ttgtcegtaca ggttcetteac 180
gttgctgteg tggaagtcca gggtccgete gttttecate agcaccagca gtteggcatt 240
gtaggtccac acatccagga agccatctte cattttettg ttecaggttet cgatccgecg 300
ttccaggttyg ttgaactctce tgcccacage ctegaactgg gtgttcatet tgtcgatgat 360
getgttcace ttgttggtga cgcegtegat ggecttetgg gtagactett tgteggegge 420
atatccagag ccctgcetcat tgctgtggtg gtagecgtac cagcecatcca ccattcectg 480
ccagecgect tcaataaagce cggcgatgge tccaaacagg cccectettet ttettetget 540
ctecegetgg gggcetattte tcaggectgt ggecagcace agtcectgttge tettcacgta 600
cttagggcac tcgecgatgg tcagagggtg gatgttgtgyg aagggcatge tgctgttgat 660
ggegeccata ggtgtetgge acttggtgtt gecagttgeceg tattccaget cgetctteat 720
gatggcgetyg tegeccttet tcacgatett gtaggegtac tcaggggega taaagttgece 780
gttgcteteg aagttgatgg cgtegttggg cttcaggatyg gtccagaaga attccatcect 840
geegetetygyg cegttcacct tggatcetggt ggcgatettyg ggcaccagte tcetgattcag 900
ggtgcetggtyg ccgatgctga tataggtggt ggggttetgg tacagtetgg tetgetcegge 960
ggcatcatta gggtggtgga ttccccacag gaccagcaga tcecttcecctggt tggtgttgtt 1020
gtagctctte ttgatggtgg ggtaggtgect gttcttcttyg atcagccaca ccacgtttcet 1080
gaagaagctyg gggctgccca ggtaaggaca ggcgctagac actccgetag aggettegtg 1140
atcgcteccaa gaggacttgg ggatgatctg gatcttecteg aagtggttga tccgggacag 1200
caggtgcttc agttcctegt aatcgttgaa gctgccgggg taacacagat cgttggtggg 1260
gttggcctte tccacgatat agctccactce gggcacgttg atgaactegt cgcacatagg 1320
gttgcccage agccatccag ccacgctaca atctctcagg atcagaggct tcacgccegtce 1380
cagatcacac agcttgcegt tgtgggtctt ttccaggatg tcctgagcegt gggtcacggt 1440
cacgtttttt tccatgatgg tgtccacctg ctectgtgceta ttgttggcgt ggtagccaat 1500
gcagatctgg tcecgctcecttca ccaggctcac aatggccagce agcagcacga tcttttecat 1560
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<210> SEQ ID NO 28
<211> LENGTH: 1602

<212> TYPE:
<213> ORGANISM:

DNA

<400> SEQUENCE: 28

atgaaggcca

ggcatcacca

gtgacaggcg

ggcaccagaa

getetgggcea

gaagtgaagce

cagctgecca

gatgccgaga

gccaccteca

aagaacgcca

cagatcacag

gacagcaacc

cagatcggca

gtggtggact

gtgctgetge

ctgectetga

aagccctact

accccectga

agaggcttet

ggCtggCan

tctacccagyg

gtgaagaatc

ctggacgaga

gtgctgetgt

cggaagctga

acaaagcaca

ggcgagttca

tcatcgtget

gcagcaatag

tgatcectet

ccagaggcaa

gacctatgtyg

ctgtgaccag

acctgetgag

aagccectygyg

agagcggett

ccaaccctcet

tgtggggctt

cccagaagtt

getttecega

acatgatgca

ctcagaaagt

ttggcgaggc

acacaggcga

agctggecaa

ttggcgecat

gctatacatce

aagccatcaa

tgcagagact

aagtggatga

ccaacgaggyg

agaagatgct

agtgcaacca

gectgectac

<210> SEQ ID NO 29
<211> LENGTH: 534

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE: 29

Influenza virus

getgatggty
ccececatgtyg
gaccaccace
getgtgecce
tgtgggcacc
cggetgette
aggctacgag
cggaccttat
ttttgccaca
gaccgtggag
ccacagcgac
taccagcage
tcagacagag
gaagcctgge
gtggtgtgee
cgactgtetyg
gcacgccaag
tggcaccaag
tgccggattt
tcatggggec
caagatcacc
gageggegece
tctecgegee
catcatcaac
gggeccettet
gacctgectyg

cttegacage

Influenza virus

Met Lys Ala Ile Ile Val Leu Leu

1

5

Arg Ile Cys Thr Gly Ile Thr Ser

20

Thr Ala Thr Gln Gly Glu Val Asn

35

40

gtgaccagca acgccgatag

gtgaaaacag ccacccaggg

cccaccaaga gctacttege

gattgectga actgcaccga

acaccatctyg ccaaggccag

cccatcatge acgaccggac

aacatccgge tgtccaccca

agactgggca ccagcggcete

atggcctggyg ccgtgectaa

gtgccctaca tctgtacaga

gacaagacce agatgaagaa

gccaatggeg tgaccaccca

gatggeggac tgcectcagte

aagaccggca ccatcgtgta

agcggcaggt ctaaagtgat

cacgaaaagt acggcggect

gccateggea attgecccat

tacagaccte ccgccaaget

ctggaaggcg gctgggaggy

catggegtgyg ctgtggecge

aagaacctga acagcctgag

atggatgagc tgcacaacga

gatacaattt cctcccagat

agcgaggatyg aacacctget

geegtggaga tcggcaacgg

gatagaatcg ccgctggcac

ctgaatatca cc

aatctgcacc

cgaagtgaat

caacctgaag

tctggatgty

catcctgeac

caagatcaga

gaatgtgatc

ttgtcccaat

ggacaacaac

gggcgaggat

cctgtacgge

ctacgtgtce

tggcaggatc

tcagagaggce

caagggcage

gaacaagagc

ctgggtgaaa

gctgaaagag

aatgattgce

cgatctgaag

cgagctggaa

gatcctggaa

tgaactggee

ggcectggaa

ctgcttegag

cttcaatgee

Met Val Val Thr Ser Asn Ala Asp

10

15

Ser Asn Ser Pro His Val Val Lys

25 30

Val Thr Gly Val Ile Pro Leu Thr

45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1602
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-continued

114

Thr

Arg

65

Ala

Ser

Met

Tyr

Ala

145

Ala

Lys

Tyr

Ser

Gln

225

Gln

Ser

Gly

Cys

Gly

305

Lys

Ile

Pro

Gly

Tyr

385

Ser

Ser

Glu

Arg

Thr

50

Gly

Leu

Ile

His

Glu

130

Pro

Thr

Asp

Ile

Asp

210

Lys

Ile

Gly

Thr

Ala

290

Glu

Pro

Trp

Pro

Phe

370

Thr

Thr

Glu

Leu

Ala
450

Pro

Lys

Gly

Leu

Asp

115

Asn

Gly

Ser

Asn

Cys

195

Asp

Phe

Gly

Arg

Ile

275

Ser

Ala

Tyr

Val

Ala

355

Leu

Ser

Gln

Leu

His

435

Asp

Thr

Leu

Arg

His

100

Arg

Ile

Gly

Lys

Asn

180

Thr

Lys

Thr

Ser

Ile

260

Val

Gly

Asp

Tyr

Lys

340

Lys

Glu

His

Glu

Glu
420

Asn

Thr

Lys

Cys

Pro

85

Glu

Thr

Arg

Pro

Ser

165

Lys

Glu

Thr

Ser

Phe

245

Val

Tyr

Arg

Cys

Thr

325

Thr

Leu

Gly

Gly

Ala
405
Val

Glu

Ile

Ser

Pro

70

Met

Val

Lys

Leu

Tyr

150

Gly

Asn

Gly

Gln

Ser

230

Pro

Val

Gln

Ser

Leu

310

Gly

Pro

Leu

Gly

Ala

390

Ile

Lys

Ile

Ser

Tyr Phe Ala Asn Leu Lys Gly Thr Arg
55 60

Asp Cys Leu Asn Cys Thr Asp Leu Asp
75

Cys Val Gly Thr Thr Pro Ser Ala Lys
90 95

Lys Pro Val Thr Ser Gly Cys Phe Pro
105 110

Ile Arg Gln Leu Pro Asn Leu Leu Arg
120 125

Ser Thr Gln Asn Val Ile Asp Ala Glu
135 140

Arg Leu Gly Thr Ser Gly Ser Cys Pro
155

Phe Phe Ala Thr Met Ala Trp Ala Val
170 175

Ala Thr Asn Pro Leu Thr Val Glu Val
185 190

Glu Asp Gln Ile Thr Val Trp Gly Phe
200 205

Met Lys Asn Leu Tyr Gly Asp Ser Asn
215 220

Ala Asn Gly Val Thr Thr His Tyr Val
235

Asp Gln Thr Glu Asp Gly Gly Leu Pro
250 255

Asp Tyr Met Met Gln Lys Pro Gly Lys
265 270

Arg Gly Val Leu Leu Pro Gln Lys Val
280 285

Lys Val Ile Lys Gly Ser Leu Pro Leu
295 300

His Glu Lys Tyr Gly Gly Leu Asn Lys
315

Glu His Ala Lys Ala Ile Gly Asn Cys
330 335

Leu Lys Leu Ala Asn Gly Thr Lys Tyr
345 350

Lys Glu Arg Gly Phe Phe Gly Ala Ile
360 365

Trp Glu Gly Met Ile Ala Gly Trp His
375 380

His Gly Val Ala Val Ala Ala Asp Leu
395

Asn Lys Ile Thr Lys Asn Leu Asn Ser
410 415

Asn Leu Gln Arg Leu Ser Gly Ala Met
425 430

Leu Glu Leu Asp Glu Lys Val Asp Asp
440 445

Ser Gln Ile Glu Leu Ala Val Leu Leu
455 460

Thr

Val

80

Ala

Ile

Gly

Lys

Asn

160

Pro

Pro

His

Pro

Ser

240

Gln

Thr

Trp

Ile

Ser

320

Pro

Arg

Ala

Gly

Lys

400

Leu

Asp

Leu

Ser
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116

Asn

465

Arg

Gly

Ile

Asp

Glu

Lys

Cys

Ala

Ser
530

Gly

Leu

Phe

Ala

515

Leu

Ile

Lys

Glu

500

Gly

Asn

Ile

Lys

485

Thr

Thr

Ile

<210> SEQ ID NO 30

<211> LENGTH:
<212> TYPE: DNA

<213> ORGANISM:

<400> SEQUENCE:

1602

Asn Ser Glu Asp Glu His

470

Met Leu Gly

Lys His Lys

475

Pro Ser Ala
490

Cys Asn Gln
505

Phe Asn Ala Gly Glu Phe

520

Thr

Influenza virus

30

ggtgatattc aggctgtcga aggtaggcag

ggcgattcta

gatctccacy

ttcateccteg

ggaaattgta

cagcteatce

gttcaggtte

agccacgeca

geegecttee

gggaggtetg

attgccgatg

gtactttteg

agacctgeeg

ggtgccggtc

cagtcegeca

cacgccattyg

ctgggtettyg

gatgtagggc

ggcccaggece

ggtgcccagt

cagceggatg

gtgcatgatg

ggcagatggt

gttcaggcaa

getettggty

ggctgtttte

gttgctggte

tccaggcagyg tctggttgea

gcagaagggce ccagcatctt

ctgttgatga tgccctegtt

tcggegegga gatcatccac

atggcgcege tcagtctetg

ttggtgatct tgttgatgge

tgggccccat gagatgtata

agaaatccgyg caatggcgec

tacttggtge cattggccag

gecttggegt getegectgt

tgcagacagt cggcctegec

ctggcacacce acactttetg

ttgccagget tctgcatcat

tcctetgtet gatcgggaaa

gegetgetgg taaacttetyg

tcgtegetgt ggaageccca

acctccacgyg tcagagggtt

attgtggcaa aaaagccgcet

ctataaggtce cgccagggge

ttctegtage ctetcageag

gggaagcagce cgctggtcac

gtggtgccca cacacatagg

tecggggcaca gettgectet

ggggtggtgg tcagagggat

accacatggyg ggctattget

accaccatca gcagcacgat

<210> SEQ ID NO 31

getgaacteyg

cttgtgettt

cttecagette

ggacagcage

tttctegtee

cagattctte

ttcctgggta

geegtgecag

aaagaagcect

cttcaggggg

gtagtagggc

aatcagaggc

aggcagcage

gtagtccace

getgecgate

ggggttgcetg

cactgtgatc

ggtggcgttc

cttggaggtg

tttcteggea

gttgggcagc

aggcttcact

tctgcccaga

ggttctggtg

cacgccetgte

gctggtgatg

gatggectte

Leu Leu Ala Leu Glu

480

Val Glu Ile Gly Asn

495

Thr Cys Leu Asp Arg

510

Ser Leu Pro Thr Phe

525

ccggcattga

gtctcegaage

cgttccaggy

acggccagtt

agttccagga

acttccaget

gacttcagat

ccggcaatca

ctctcttteca

gttttcacce

ttgctettgt

aggctgeect

acgectetet

acgatcctge

tgggacacgt

tcgecgtaca

tgatcctege

ttgttgttgt

gecattgggac

tcgatcacat

tgtctgatct

tcgtgcagga

gccacatcca

cccttecaggt

acattcactt

ccggtgcaga

at

aggtgccage

agcegttgee

ccagcaggty

caatctggga

tctegttgtyg

cgctcagget

cggeggecac

ttcectecca

gcagettgge

agatggggca

tcaggccgee

tgatcacttt

gatacacgat

cagactgagg

agtgggtggt

ggttctteat

cctetgtaca

ccttaggeac

aagagccget

tctgggtgga

tggtceggte

tgctggecett

gatcggtgca

tggcgaagta

cgecectgggt

ttctatcgge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1602
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-continued
<211> LENGTH: 1493
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 31
atgacaactc aacagccacg ctectgettgg ggcaccatge cgtecctaac gggaccattg 60
tgaaaaccat tactaacgat cagatagagg tgactaatge caccgagetyg gtgcaaagta 120
gctecacagyg agagatctge gatagtccee accagattcet ggacggaaag aattgtacge 180
tgatcgacge getgttggge gaccctecagt gtgacggatt tcagaataayg aagtgggatce 240
tgtttgtgga aaggtcaaag gcttattcaa attgctacce ttacgatgtyg cctgattatg 300
ccagectgeg gteectegte gegtctagtyg ggactcetgga gttcaacaac gagtcattta 360
actggactgg cgttacacag aacgggacta gttccgettyg cataaggaga agcaaaaata 420
gtttettecag cagactgaat tggectgacac atctgaactt caagtaccct gecactgaatg 480
taaccatgece caacaacgag cagttcgata agetttacat ttggggagtt catcatccetg 540
gcactgacaa ggatcagate tttetgtatg cccaggette cggcaggatt accgtgteta 600
caaagagaag ccagcaaact gtgtcteccca atatcggcag tagacccaga gtacggaaca 660
tcectagteg catcagtatt tactggacca tegtgaaacce aggcgatatt ctectgatta 720
acagtactgg caacctgatc gecccceceggg gatactttaa aatccgetet ggaaagtect 780
ccattatgag atcagatgca ccgatcggaa aatgcaacte tgagtgtatce acacccaatg 840
ggagcattce caatgacaaa cctttccaga acgttaatcyg aataacttat ggggectgte 900
cacggtacgt gaagcaaaat accttgaaac tggcgaccgg tatgegcaat gtcececgaaa 960

aacagacccg cgggatattt ggggctatcg caggctttat cgagaatggce tgggaaggga 1020
tggtggatgg ttggtatggt tttagacatc aaaactccga aggcagaggc caggctgecg 1080
atctcaagag cacgcaggcc gctatagatc agatcaatgg aaagctcaac agactgatcg 1140
ggaaaaccaa cgaaaaattc catcagatcg agaaagagtt ctccgaagtc gaggggcgea 1200
tacaggacct ggagaagtat gttgaggata caaagattga tctgtggtcce tacaatgecg 1260
agctgcetggt ggctctggag aatcagcaca ctattgacct gaccgattca gagatgaaca 1320
aactttttga gaagacgaag aagcagctta gagaaaatgc agaggacatg gggaacggat 1380
gctttaaaat atatcataag tgtgataatg cctgcatcgg atcaattaga aatggtacct 1440
atgatcacga tgtttacagg gacgaagcgc tgaataacag gttccagata aaa 1493
<210> SEQ ID NO 32

<211> LENGTH: 519

<212> TYPE: PRT

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 32

Met Lys Thr Ile Ile Ala Leu Ser Tyr Ile Leu Cys Leu Val Phe Ala
1 5 10 15

Gln Lys Leu Pro Gly Asn Asp Asn Ser Thr Ala Thr Leu Cys Leu Gly
20 25 30

His His Ala Val Pro Asn Gly Thr Ile Val Lys Thr Ile Thr Asn Asp
35 40 45

Gln Ile Glu Val Thr Asn Ala Thr Glu Leu Val Gln Ser Ser Ser Thr
50 55 60

Gly Glu Ile Cys Asp Ser Pro His Gln Ile Leu Asp Gly Lys Asn Cys
65 70 75 80
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120

Thr

Asn

Cys

Ala

Gly

145

Asn

Tyr

Leu

Phe

Ser

225

Asn

Asp

Tyr

Pro

Pro

305

Cys

Arg

Gly

Phe

Ser

385

Ile

Glu

Lys

Asn

Glu
465

Gly

Ile

Leu

Lys

Tyr

Ser

130

Val

Ser

Pro

Tyr

Leu

210

Gln

Ile

Ile

Phe

Ile

290

Asn

Pro

Asn

Phe

Arg

370

Thr

Gly

Val

Ile

Gln
450
Lys

Cys

Arg

Ile

Lys

Pro

115

Ser

Thr

Phe

Ala

Ile

195

Tyr

Gln

Pro

Leu

Lys

275

Gly

Asp

Arg

Val

Ile

355

His

Gln

Lys

Glu

Asp

435

His

Thr

Phe

Asn

Asp

Trp

100

Tyr

Gly

Gln

Phe

Leu

180

Trp

Ala

Thr

Ser

Leu

260

Ile

Lys

Lys

Tyr

Pro

340

Glu

Gln

Ala

Thr

Gly

420

Leu

Thr

Lys

Lys

Gly

Ala

85

Asp

Asp

Thr

Asn

Ser

165

Asn

Gly

Gln

Val

Arg

245

Ile

Arg

Cys

Pro

Val

325

Glu

Asn

Asn

Ala

Asn

405

Arg

Trp

Ile

Lys

Ile
485

Thr

Leu

Leu

Val

Leu

Gly

150

Arg

Val

Val

Ala

Ser

230

Ile

Asn

Ser

Asn

Phe

310

Lys

Lys

Gly

Ser

Ile

390

Glu

Ile

Ser

Asp

Gln
470

Tyr

Tyr

Leu

Phe

Pro

Glu

135

Thr

Leu

Thr

His

Ser

215

Pro

Ser

Ser

Gly

Ser

295

Gln

Gln

Gln

Trp

Glu

375

Asp

Lys

Gln

Tyr

Leu
455
Leu

His

Asp

Gly

Val

Asp

120

Phe

Ser

Asn

Met

His

200

Gly

Asn

Ile

Thr

Lys

280

Glu

Asn

Asn

Thr

Glu

360

Gly

Gln

Phe

Asp

Asn

440

Thr

Arg

Lys

His

Asp

Glu

105

Tyr

Asn

Ser

Trp

Pro

185

Pro

Arg

Ile

Tyr

Gly

265

Ser

Cys

Val

Thr

Arg

345

Gly

Arg

Ile

His

Leu

425

Ala

Asp

Glu

Cys

Asp

Pro

90

Arg

Ala

Asn

Ala

Leu

170

Asn

Gly

Ile

Gly

Trp

250

Asn

Ser

Ile

Asn

Leu

330

Gly

Met

Gly

Asn

Gln

410

Glu

Glu

Ser

Asn

Asp
490

Val

Gln

Ser

Ser

Glu

Cys

155

Thr

Asn

Thr

Thr

Ser

235

Thr

Leu

Ile

Thr

Arg

315

Lys

Ile

Val

Gln

Gly

395

Ile

Lys

Leu

Glu

Ala
475

Asn

Tyr

Cys

Lys

Leu

Ser

140

Ile

His

Glu

Asp

Val

220

Arg

Ile

Ile

Met

Pro

300

Ile

Leu

Phe

Asp

Ala

380

Lys

Glu

Tyr

Leu

Met

460

Glu

Ala

Arg

Asp Gly Phe

Ala

Arg

125

Phe

Arg

Leu

Gln

Lys

205

Ser

Pro

Val

Ala

Arg

285

Asn

Thr

Ala

Gly

Gly

365

Ala

Leu

Lys

Val

Val

445

Asn

Asp

Cys

Asp

Tyr

110

Ser

Asn

Arg

Asn

Phe

190

Asp

Thr

Arg

Lys

Pro

270

Ser

Gly

Tyr

Thr

Ala

350

Trp

Asp

Asn

Glu

Glu

430

Ala

Lys

Met

Ile

Glu

95

Ser

Leu

Trp

Ser

Phe

175

Asp

Gln

Lys

Val

Pro

255

Arg

Asp

Ser

Gly

Gly

335

Ile

Tyr

Leu

Arg

Phe

415

Asp

Leu

Leu

Gly

Gly

495

Ala

Gln

Asn

Val

Thr

Lys

160

Lys

Lys

Ile

Arg

Arg

240

Gly

Gly

Ala

Ile

Ala

320

Met

Ala

Gly

Lys

Leu

400

Ser

Thr

Glu

Phe

Asn
480

Ser

Leu
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-continued
500 505 510
Asn Asn Arg Phe Gln Ile Lys
515
<210> SEQ ID NO 33
<211> LENGTH: 1493
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 33
ttttatctgg aacctgttat tcagcgette gtecctgtaa acatcgtgat cataggtace 60
atttctaatt gatccgatgc aggcattatc acacttatga tatattttaa agcatccgtt 120
ccecatgtee tectgcatttt ctectaagetg cttettegte ttctcaaaaa gtttgttcat 180
ctctgaateg gtcaggtcaa tagtgtgetg attctcecaga gcecaccagcea gctceggeatt 240
gtaggaccac agatcaatct ttgtatcctc aacatacttc tceccaggtect gtatgcegecce 300
ctcgacttcg gagaactcectt tetcgatctg atggaatttt tegttggttt teccgatcag 360
tctgttgage tttecattga tctgatctat ageggectge gtgetcettga gatcggcage 420
ctggectetyg cctteggagt tttgatgtcet aaaaccatac caaccatcca ccatcectte 480
ccagecatte tcgataaage ctgcgatage cccaaatatce cegegggtet gttttteggg 540
gacattgcge ataccggteg ccagtttcaa ggtattttge ttcacgtacce gtggacagge 600
cccataagtt attcgattaa cgttctggaa aggtttgtea ttgggaatge tcccattggg 660
tgtgatacac tcagagttgc attttcecgat cggtgcatcet gatctcataa tggaggactt 720
tccagagegg attttaaagt atcccegggg ggcgatcagyg ttgccagtac tgttaatcag 780
gagaatatcyg cctggtttca cgatggtcca gtaaatactg atgcgactag ggatgttecg 840
tactctgggt ctactgccga tattgggaga cacagtttge tggcettctet ttgtagacac 900
ggtaatcctyg ccggaagect gggcatacag aaagatctga tecttgtcag tgecaggatg 960
atgaactccc caaatgtaaa gcttatcgaa ctgctcecgttg ttgggcatgg ttacattcag 1020
tgcagggtac ttgaagttca gatgtgtcag ccaattcagt ctgctgaaga aactattttt 1080
gcttetectt atgcaagcgg aactagtccce gttctgtgta acgccagtcce agttaaatga 1140
ctegttgttg aactccagag tcecccactaga cgcgacgagg gaccgcaggce tggcataatce 1200
aggcacatcg taagggtagc aatttgaata agcctttgac ctttccacaa acagatccca 1260
cttcttattc tgaaatccgt cacactgagg gtcgcccaac agcgcgtcga tcagcegtaca 1320
attcttteceg teccagaatct ggtggggact atcgcagatc tcectcectgtgg agctactttg 1380
caccagctcg gtggcattag tcacctctat ctgatcgtta gtaatggttt tcacaatggt 1440
ccegttaggg acggcatggt gecccaagca gagegtgget gttgagttgt cat 1493
<210> SEQ ID NO 34
<211> LENGTH: 1551
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 34
atgaaagtga agctgctggt getgetgtgt acctttaceyg ccacctacge cgataccate 60
tgtatcgget accacgccaa caatagcacce gacaccgtgg ataccgtget ggaaaagaac 120
gtgaccgtga cccacagegt gaacctgetg gaaaacagcec acaacggcaa gcetgtgtetg 180
ctgaaaggca ttgccectet gecagetggga aattgtageg tggecggetyg gattcectggge 240
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aatcctgagt gcgagetget gatttccaaa gagtcctggt cctacatcegt ggagaagcce 300
aaccctgaga atggcacctg ctaccctgge cacttegecyg attacgagga actgagagaa 360
cagctgteca gegtgtecag cttcgagaga ttcgagatcet tcecccaaaga gagcagetgg 420
cccaatcata cagtgaccgg cgtgagegece tettgtagece acaatggega gagcagette 480
tacagaaacc tgctgtggct gaccggcaag aacggcctgt accccaacct gagcaagagce 540
tacgccaaca acaaagaaaa agaagtgctg gtectetggg gagtgcacca ccctectaac 600
atcggcatce agaaggccct gtaccacacce gagaatgect acgtgtcegt ggtgtccage 660
cactacagca gaaagttcac ccccgagatce gecaaaagac ccaaagtgeyg ggaccaggaa 720
ggcaggatca actactactg gaccctgetg gaacctggeg acaccatcat cttcgaggec 780
aacggcaatc tgatcgcccce tagatacgece tttgccctga gcagaggett tggcagegge 840
atcatcaaca gcaacgccce catggacaag tgtgacgcca agtgtcagac accacaggga 900
gctatcaata gcagectgee cttecagaat gtgcaccctg tgaccategg cgagtgtect 960
aaatacgtgc ggagcgccaa gectgagaatg gtgaccggece tgaggaatat ccccagcate 1020
cagagcagag gcctgtttgg cgccattgce ggctttateg agggcggatg gacaggcatg 1080
gtggatgggt ggtacggcta ccaccaccag aatgagcagg gatctggcta tgccgccgat 1140
cagaagagca cccagaacgc catcaacggce atcaccaaca aagtgaacag cgtgatcgag 1200
aagatgaaca cccagttcac cgccgtggge aaagagttca acaagctgga acggeggatg 1260
gaaaacctga acaagaaggt ggacgacggc ttcatcgaca tctggaccta caacgccgaa 1320
ctecctggtece tectggaaaa tgagaggacce ctggacttcecce acgacagcaa cgtgaagaac 1380
ctgtacgaga aagtgaagag ccagctgaag aacaacgcca aagagatcgyg caacggcetge 1440
ttcgagttct accacaagtyg caacgacgag tgcatggaaa gcgtgaagaa cggcacctac 1500
gactacccca agtacagcga ggaaagcaag ctgaaccggg agaagatcga t 1551
<210> SEQ ID NO 35
<211> LENGTH: 517
<212> TYPE: PRT
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 35
Met Lys Val Lys Leu Leu Val Leu Leu Cys Thr Phe Thr Ala Thr Tyr
1 5 10 15
Ala Asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr
20 25 30
Val Asp Thr Val Leu Glu Lys Asn Val Thr Val Thr His Ser Val Asn
35 40 45
Leu Leu Glu Asn Ser His Asn Gly Lys Leu Cys Leu Leu Lys Gly Ile
50 55 60
Ala Pro Leu Gln Leu Gly Asn Cys Ser Val Ala Gly Trp Ile Leu Gly
65 70 75 80
Asn Pro Glu Cys Glu Leu Leu Ile Ser Lys Glu Ser Trp Ser Tyr Ile
85 90 95
Val Glu Lys Pro Asn Pro Glu Asn Gly Thr Cys Tyr Pro Gly His Phe
100 105 110
Ala Asp Tyr Glu Glu Leu Arg Glu Gln Leu Ser Ser Val Ser Ser Phe
115 120 125
Glu Arg Phe Glu Ile Phe Pro Lys Glu Ser Ser Trp Pro Asn His Thr
130 135 140
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145

Tyr

Leu

Trp

Lys

225

Gly

Ile

Leu

Asp

Ser

305

Lys

Ile

Ile

Gln

385

Lys

Glu

Asp

Arg

465

Phe

Asn

Arg

<210>
<211>
<212>
<213>

<400>

Thr

Arg

Ser

Gly

Thr

210

Phe

Arg

Phe

Ser

Lys

290

Leu

Tyr

Pro

Glu

Gln

370

Asn

Met

Arg

Ile

Thr

450

Lys

Glu

Gly

Glu

Gly

Asn

Lys

Val

195

Glu

Thr

Ile

Glu

Arg

275

Cys

Pro

Val

Ser

Gly

355

Asn

Ala

Asn

Arg

Trp

435

Leu

Ser

Phe

Thr

Lys
515

Val

Leu

Ser

180

His

Asn

Pro

Asn

Ala

260

Gly

Asp

Phe

Arg

Ile

340

Gly

Glu

Ile

Thr

Met

420

Thr

Asp

Gln

Tyr

Tyr

500

Ile

SEQUENCE :

Ser

Leu

165

Tyr

His

Ala

Glu

Tyr

245

Asn

Phe

Ala

Gln

Ser

325

Gln

Trp

Gln

Asn

Gln

405

Glu

Tyr

Phe

Leu

His

485

Asp

Asp

SEQ ID NO 36
LENGTH:
TYPE: DNA
ORGANISM:

1551

Ala

150

Trp

Ala

Pro

Tyr

Ile

230

Tyr

Gly

Gly

Lys

Asn

310

Ala

Ser

Thr

Gly

Gly

390

Phe

Asn

Asn

His

Lys

470

Lys

Tyr

Ser

Leu

Asn

Pro

Val

215

Ala

Trp

Asn

Ser

Cys

295

Val

Lys

Arg

Gly

Ser

375

Ile

Thr

Leu

Ala

Asp

455

Asn

Cys

Pro

Cys

Thr

Asn

Asn

200

Ser

Lys

Thr

Leu

Gly

280

Gln

His

Leu

Gly

Met

360

Gly

Thr

Ala

Asn

Glu

440

Ser

Asn

Asn

Lys

Influenza virus

36

Ser

Gly

Lys

185

Ile

Val

Arg

Leu

Ile

265

Ile

Thr

Pro

Arg

Leu

345

Val

Tyr

Asn

Val

Lys

425

Leu

Asn

Ala

Asp

Tyr
505

His

Lys

170

Glu

Gly

Val

Pro

Leu

250

Ala

Ile

Pro

Val

Met

330

Phe

Asp

Ala

Lys

Gly

410

Lys

Leu

Val

Lys

Glu

490

Ser

Asn

155

Asn

Lys

Ile

Ser

Lys

235

Glu

Pro

Asn

Gln

Thr

315

Val

Gly

Gly

Ala

Val

395

Lys

Val

Val

Lys

Glu

475

Cys

Glu

Gly

Gly

Glu

Gln

Ser

220

Val

Pro

Arg

Ser

Gly

300

Ile

Thr

Ala

Trp

Asp

380

Asn

Glu

Asp

Leu

Asn

460

Ile

Met

Glu

Glu

Leu

Val

Lys

205

His

Arg

Gly

Tyr

Asn

285

Ala

Gly

Gly

Ile

Tyr

365

Gln

Ser

Phe

Asp

Leu

445

Leu

Gly

Glu

Ser

Ser

Tyr

Leu

190

Ala

Tyr

Asp

Asp

Ala

270

Ala

Ile

Glu

Leu

Ala

350

Gly

Lys

Val

Asn

Gly

430

Glu

Tyr

Asn

Ser

Lys
510

Ser

Pro

175

Val

Leu

Ser

Gln

Thr

255

Phe

Pro

Asn

Cys

Arg

335

Gly

Tyr

Ser

Ile

Lys

415

Phe

Asn

Glu

Gly

Val

495

Leu

Phe

160

Asn

Leu

Tyr

Arg

Glu

240

Ile

Ala

Met

Ser

Pro

320

Asn

Phe

His

Thr

Glu

400

Leu

Ile

Glu

Lys

Cys

480

Lys

Asn
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-continued
atcgatctte tcceggttca gettgettte ctegetgtac ttggggtagt cgtaggtgee 60
gttettcacyg ctttecatge actegtegtt geacttgtgg tagaactcga agcagccgtt 120
gccgatctet ttggegttgt tcettcagetg getcttcact ttetegtaca ggttetteac 180
gttgctgteg tggaagtcca gggtectete attttecagg aggaccagga gtteggegtt 240
gtaggtccag atgtcgatga agccegtegte caccttettg ttecaggtttt ccatccgecg 300
ttccagettyg ttgaactett tgcccacgge ggtgaactgg gtgttcatcet tctegatcac 360
getgttcact ttgttggtga tgcegttgat ggegttetgg gtgctettet gatcggegge 420
atagccagat ccctgetcat tctggtggtg gtagecgtac cacccatcca ccatgectgt 480
ccatcegece tcegataaage cggcaatgge gecaaacagg cctetgetet ggatgetggg 540
gatattccte aggccggtca ccattctcag cttggegete cgcacgtatt taggacactce 600
geegatggte acagggtgca cattctggaa gggcaggcetg ctattgatag ctecctgtgg 660
tgtctgacac ttggegtcac acttgtecat gggggegttyg ctgttgatga tgccgetgee 720
aaagcctetyg ctcagggcaa aggcgtatcet aggggcgate agattgcegt tggectcgaa 780
gatgatggtyg tcgeccaggtt ccagcagggt ccagtagtag ttgatcctge cttectggte 840
cegcactttyg ggtettttgg cgatcteggg ggtgaacttt ctgectgtagt ggcetggacac 900
cacggacacg taggcattct cggtgtggta cagggcctte tggatgccga tgttaggagg 960
gtggtgcact ccccagagga ccagcacttc tttttetttg ttgttggegt agectcttget 1020
caggttgggg tacaggccgt tcecttgcecggt cagccacagce aggtttctgt agaagctget 1080
ctcgecattg tggctacaag aggcgctcac gccggtcact gtatgattgg gcecagctget 1140
ctectttgggg aagatctcga atctctecgaa gctggacacg ctggacagcet gttctcetcag 1200
ttecctegtaa tcggcgaagt ggccagggta gcaggtgceca ttctcagggt tgggettcete 1260
cacgatgtag gaccaggact ctttggaaat cagcagctcg cactcaggat tgcccagaat 1320
ccagecggee acgctacaat ttcccagetg cagaggggca atgectttca gcagacacag 1380
cttgcegttg tggctgtttt ccagcaggtt cacgctgtgg gtcacggtca cgttctttte 1440
cagcacggta tccacggtgt cggtgctatt gttggcgtgg tagccgatac agatggtatc 1500
ggcgtaggtyg gceggtaaagg tacacagcag caccagcagce ttcactttca t 1551
<210> SEQ ID NO 37
<211> LENGTH: 1605
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 37
atgaaggcca tcatcgtgct getgatggtg gtcacaagea acgccgatag aatctgtace 60
ggcatcacca gcagcaatag ccctcacgtce gtgaaaacag ctacacaggg cgaagtgaat 120
gtgaccggeyg tgatccctet gaccacaaca cctacaaaga gcecacttege caatctgaag 180
ggcacagaga caagaggcaa gctgtgtccce aagtgectga attgcacaga tctggatgtg 240
gctetgggea gacctaagtg tacaggcaaa atccctageg ccagagtgtce cattctgeat 300
gaagtgcgac ctgtgaccag cggetgtttt cctattatge acgaccggac caagatcaga 360
cagctgecta atctgetgag aggctacgag cacatcagac tgagcaccca caatgtgate 420
aacgccgaaa atgctectgg cggcccttat aagatcggea catctggcag ctgccccaac 480
attacaaatg gcaatggctt ctttgccacce atggettggyg cegtgcctaa gaacgataag 540
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aacaagaccg ccaccaaccce cctgacaatc gaggtgccat atatctgtac agagggcgag 600
gatcagatca ccgtgtgggg atttcacage gacaacgaaa cacagatggce caagctgtac 660
ggcgatagca agcctcagaa gtttaccage tcectgccaatg gegtgaccac acactatgtg 720
tctcagateg geggettecoe taatcagaca gaagatggeg gactgectca gtctggaaga 780
atcgtggtgg attacatggt gcagaagtct ggcaagaccyg gcaccatcac atatcagaga 840
ggaatcctyge tgccccagaa agtgtggtge gettcetggaa gatccaaagt gatcaaggge 900
agcctgecte tgattggaga agccgattgt ctgcacgaga aatacggegyg cctgaacaag 960
agcaagcctt actatacagg cgagcacgcce aaggccatcg gcaattgtcece tatttgggtce 1020
aagaccccte tgaagetgge caatggcaca aagtatagac ctcecagccaa gctgctgaaa 1080
gagagaggct tttttggagc tatcgccgge tttcectggaag gcecggatggga gggaatgatt 1140
gctggatgge atggctacac atctcatgge gcacatggeg tggcagtggce tgctgatcetg 1200
aaatctacac aggaagccat caacaagatc accaagaacc tgaacagcct gagcgagcetg 1260
gaagtgaaga atctgcagag actgtctggc gccatggacg aactgcacaa tgagatcctg 1320
gaactggacyg agaaggtgga cgatctgaga gccgatacaa tcagcagcca gattgaactg 1380
gctgtgectge tgtctaacga gggcatcatc aatagcgagg acgaacatct gctggcectg 1440
gaaagaaagc tgaagaagat gctgggacct agcgccgtgg aaatcggcaa tggatgettt 1500
gagacaaagc acaagtgcaa ccagacctgc ctggatagaa ttgccgccgg aacatttgat 1560
gccggcgagt tttetectgcee caccttegat agcecctgaata tcaca 1605

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 38
H: 535
PRT

ISM: Influenza virus

<400> SEQUENCE: 38

Met Lys Ala
1

Arg Ile Cys
Thr Ala Thr
35

Thr Thr Pro
50

Arg Gly Lys
65

Ala Leu Gly

Ser Ile Leu

Met His Asp
115

Tyr Glu His
130

Ala Pro Gly
145

Ile Thr Asn

Lys Asn Asp

Ile Ile Val Leu Leu

Thr Gly Ile Thr Ser

20

Gln Gly Glu Val Asn

40

Thr Lys Ser His Phe

55

Leu Cys Pro Lys Cys

70

Arg Pro Lys Cys Thr

85

His Glu Val Arg Pro

100

Arg Thr Lys Ile Arg

120

Ile Arg Leu Ser Thr

135

Gly Pro Tyr Lys Ile
150

Gly Asn Gly Phe Phe

165

Lys Asn Lys Thr Ala

180

Met Val Val
10

Ser Asn Ser
25

Val Thr Gly

Ala Asn Leu

Leu Asn Cys

75

Gly Lys Ile
90

Val Thr Ser
105

Gln Leu Pro

His Asn Val

Gly Thr Ser

155

Ala Thr Met
170

Thr Asn Pro
185

Thr Ser Asn

Pro His Val

Val Ile Pro
45

Lys Gly Thr
60

Thr Asp Leu

Pro Ser Ala

Gly Cys Phe
110

Asn Leu Leu
125

Ile Asn Ala
140

Gly Ser Cys

Ala Trp Ala

Leu Thr Ile
190

Ala Asp
15

Val Lys

Leu Thr

Glu Thr

Asp Val

80

Arg Val

Pro Ile

Arg Gly

Glu Asn

Pro Asn
160

Val Pro
175

Glu Val
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132

Pro

Pro

225

Ser

Gln

Thr

Trp

Ile

305

Ser

Pro

Arg

Ala

Gly

385

Lys

Leu

Asp

Leu

Ser

465

Glu

Asn

Arg

Phe

<210>
<211>
<212>
<213>
<400>
tgtgatattc aggctatcga aggtgggcag agaaaacteg ceggcatcaa atgttcecegge

ggcaattcta tccaggcagg tctggttgca cttgtgettt gtectcaaage atccattgec

Tyr

Ser

210

Gln

Gln

Ser

Gly

Cys

290

Gly

Lys

Ile

Pro

Gly

370

Tyr

Ser

Ser

Glu

Arg

450

Asn

Arg

Gly

Ile

Asp
530

Ile

195

Asp

Lys

Ile

Gly

Thr

275

Ala

Glu

Pro

Trp

Pro

355

Phe

Thr

Thr

Glu

Leu

435

Ala

Glu

Lys

Cys

Ala

515

Ser

Cys

Asn

Phe

Gly

Arg

260

Ile

Ser

Ala

Tyr

Val

340

Ala

Leu

Ser

Gln

Leu

420

His

Asp

Gly

Leu

Phe

500

Ala

Leu

SEQUENCE :

Thr

Glu

Thr

Gly

245

Ile

Thr

Gly

Asp

Tyr

325

Lys

Lys

Glu

His

Glu

405

Glu

Asn

Thr

Ile

Lys

485

Glu

Gly

Asn

SEQ ID NO 39
LENGTH:
TYPE: DNA
ORGANISM:

1605

Glu

Thr

Ser

230

Phe

Val

Tyr

Arg

Cys

310

Thr

Thr

Leu

Gly

Gly

390

Ala

Val

Glu

Ile

Ile

470

Lys

Thr

Thr

Ile

Gly Glu Asp Gln Ile Thr Val Trp Gly
200 205

Gln Met Ala Lys Leu Tyr Gly Asp Ser
215 220

Ser Ala Asn Gly Val Thr Thr His Tyr
235

Pro Asn Gln Thr Glu Asp Gly Gly Leu
250 255

Val Asp Tyr Met Val Gln Lys Ser Gly
265 270

Gln Arg Gly Ile Leu Leu Pro Gln Lys
280 285

Ser Lys Val Ile Lys Gly Ser Leu Pro
295 300

Leu His Glu Lys Tyr Gly Gly Leu Asn
315

Gly Glu His Ala Lys Ala Ile Gly Asn
330 335

Pro Leu Lys Leu Ala Asn Gly Thr Lys
345 350

Leu Lys Glu Arg Gly Phe Phe Gly Ala
360 365

Gly Trp Glu Gly Met Ile Ala Gly Trp
375 380

Ala His Gly Val Ala Val Ala Ala Asp
395

Ile Asn Lys Ile Thr Lys Asn Leu Asn
410 415

Lys Asn Leu Gln Arg Leu Ser Gly Ala
425 430

Ile Leu Glu Leu Asp Glu Lys Val Asp
440 445

Ser Ser Gln Ile Glu Leu Ala Val Leu
455 460

Asn Ser Glu Asp Glu His Leu Leu Ala
475

Met Leu Gly Pro Ser Ala Val Glu Ile
490 495

Lys His Lys Cys Asn Gln Thr Cys Leu
505 510

Phe Asp Ala Gly Glu Phe Ser Leu Pro
520 525

Thr
535

Influenza virus

39

Phe

Lys

Val

240

Pro

Lys

Val

Leu

Lys

320

Cys

Tyr

Ile

His

Leu

400

Ser

Met

Asp

Leu

Leu

480

Gly

Asp

Thr
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gatttccacyg gegectaggte ccagcatctt cttcagettt ctttcecaggg ccagcagatg 180
ttegtecteg ctattgatga tgccctegtt agacagcage acagccagtt caatctgget 240
gctgattgta teggctctca gatcgtccac cttetegtee agttcecagga tcetcattgtg 300
cagttegtee atggegecag acagtctetg cagattcette acttecaget cgctcagget 360
gttcaggtte ttggtgatct tgttgatgge ttectgtgta gatttcagat cagcagccac 420
tgccacgcca tgtgegecat gagatgtgta gecatgcecat ccagcaatca ttcectcecca 480
tcegecttee agaaagccgg cgatagetcce aaaaaagect ctetettteca gcagettgge 540
tggaggtcta tactttgtgce cattggecag cttcagaggg gtcecttgacce aaataggaca 600
attgccgatg gecttggegt getcegectgt atagtaagge ttgctettgt tcaggecgee 660
gtatttcteg tgcagacaat cggcttctcece aatcagaggce aggctgecct tgatcacttt 720
ggatctteca gaagcgcace acactttetg gggcagcagg attcctetet gatatgtgat 780
ggtgceggte ttgccagact tctgcaccat gtaatccacce acgattcttce cagactgagg 840
cagtccgeca tettetgtet gattagggaa gecgecgate tgagacacat agtgtgtggt 900
cacgccattyg gcagagetgg taaacttetg aggettgeta tegecgtaca gettggecat 960
ctgtgttteg ttgtcgctgt gaaatcccca cacggtgatce tgatcctcecge cctcectgtaca 1020
gatatatggc acctcgattg tcagggggtt ggtggcggte ttgttcecttat cgttcecttagg 1080
cacggcccaa gccatggtgg caaagaagcce attgccattt gtaatgttgg ggcagctgcece 1140
agatgtgccg atcttataag ggccgccagg agcatttteg gegttgatca cattgtgggt 1200
gctcagtetyg atgtgctcegt agectctcag cagattaggce agectgtctga tcettggtecg 1260
gtcgtgcata ataggaaaac agccgctggt cacaggtcge acttcatgca gaatggacac 1320
tctggegeta gggattttge ctgtacactt aggtctgecce agagccacat ccagatctgt 1380
gcaattcagg cacttgggac acagcttgcce tcecttgtctet gtgcccttca gattggcegaa 1440
gtggctcttt gtaggtgttg tggtcagagg gatcacgcceg gtcacattca cttegcectyg 1500
tgtagctgtt ttcacgacgt gagggctatt gctgctggtg atgccggtac agattctatce 1560
ggcgttgett gtgaccacca tcagcagcac gatgatggec ttcat 1605
<210> SEQ ID NO 40
<211> LENGTH: 2058
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 40
atgaaggcca aactgetggt getgetgtgt acctttaceyg ccacctacge cgacacaatce 60
tgtatcgget accacgccaa caatagcacc gacaccgtgg atacagtget ggagaagaac 120
gtgaccgtga cccactctgt gaacctgetg gaggacagec acaatggcaa getgtgtetg 180
ctgaaaggca ttgccectet gecagetggge aattgttetyg tggecggatyg gattcectggge 240
aaccccgagt gtgagetget gatttctaag gagagctgga gctacatcegt ggagacccce 300
aatcctgaga atggcacctg ctaccctgge tacttegecyg attacgagga gctgegegag 360
cagctgtcta gegtgtecag cttcgagaga ttcgagatcet tecccaagga gtccagetgg 420
cctaatcaca cagtgacagg cgtgtctgec agetgtagece acaacggcaa aagcagette 480
taccggaace tgctgtggcet gacaggcaag aatggcctgt accccaacct gagcaagagce 540
tacgtgaaca acaaggaaaa ggaagtgctg gtgctgtggyg gagtgcacca ccctceccaac 600



135

US 9,441,019 B2

136

-continued
atcggaaatc agcgggecct gtaccacaca gagaacgcect atgtgagegt ggtgtccage 660
cactacagca gaagattcac ccccgagatce gecaagagac ccaaagtgag agaccaggag 720
ggcecggatca attactactg gaccctgetg gagectggeg ataccatcat cttecgaggece 780
aacggcaatc tgatcgecce ttggtatgece tttgccctga gcagaggett tggcagegge 840
atcatcacaa gcaacgcccce catggatgag tgtgatgcca agtgccagac acctcaggge 900
gccatcaata gcagectgee cttecagaat gtgcaccctg tgaccategg cgagtgcccce 960
aagtatgtga gaagcgccaa gctgagaatg gtgaccggece tgagaaacat ccctcagagg 1020
gagaccagag gactgtttgg agccatcgcce ggattcatceg agggaggatg gacaggcatg 1080
gtggatggct ggtacggcta ccaccaccag aatgagcagg gctctggata tgccgccgat 1140
cagaagtcta cccagaacgc catcaacggce atcaccaaca aggtgaacag cgtgatcgag 1200
aagatgaaca cccagtttac cgctgtgggce aaggagttca acaagctgga gcggaggatg 1260
gagaacctga acaagaaggt ggacgacggc tttctggaca tcectggaccta caatgccgaa 1320
ctecctggtece tectecgagaa tgagaggacce ctggacttcecce acgacagcaa cgtgaagaac 1380
ctgtatgaga aggtgaagag ccagctgaag aacaacgcca aggagatcgyg caacggcetge 1440
ttcgagttct accacaagtyg taacaacgag tgtatggaga gcgtgaagaa cggcacctac 1500
gactacccta agtacagcga ggagagcaag ctgaaccggg agaagatcga ttccggagge 1560
gacatcatca agctgctgaa cgagcaggtg aacaaggaga tgcagagcag caacctgtac 1620
atgagcatga gcagctggtg ctacacccac agcctggacg gcgccggcect gttectgtte 1680
gaccacgceyg ccgaggagta cgagcacgcece aagaagctga tcatcttect gaacgagaac 1740
aacgtgcceg tgcagetgac cagcatcage geccccgage acaagttcega gggectgace 1800
cagatcttee agaaggcecta cgagcacgag cagcacatca gcgagagcat caacaacatce 1860
gtggaccacg ccatcaagag caaggaccac gccaccttca acttcctgca gtggtacgtg 1920
geegagcage acgaggagga ggtgetgttce aaggacatcce tggacaagat cgagetgatce 1980
ggcaacgaga accacggcct gtacctggcece gaccagtacg tgaagggcat cgccaagagce 2040
aggaagagcg gatcctag 2058

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 41
H: 685
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 41

Met Lys Ala
1

Ala Asp Thr
Val Asp Thr
35

Leu Leu Glu
50

Ala Pro Leu
65

Asn Pro Glu

Lys Leu Leu Val Leu

Ile Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Asp Ser His Asn Gly

55

Gln Leu Gly Asn Cys

70

Cys Glu Leu Leu Ile

85

ic

Leu

His

25

Val

Lys

Ser

Ser

Cys

10

Ala

Thr

Leu

Val

Lys
90

Thr

Asn

Val

Cys

Ala

75

Glu

Phe Thr Ala

Asn Ser Thr
30

Thr His Ser
45

Leu Leu Lys
60

Gly Trp Ile

Ser Trp Ser

Thr Tyr
15

Asp Thr

Val Asn

Gly Ile

Leu Gly

80

Tyr Ile
95
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138

Ala

Glu

145

Tyr

Leu

Trp

Arg

225

Gly

Ile

Leu

Asp

Ser

305

Lys

Ile

Ile

Gln

385

Lys

Glu

Asp

Arg

465

Phe

Asn

Arg

Glu

Asp

Arg

130

Thr

Arg

Ser

Gly

Thr

210

Phe

Arg

Phe

Ser

Glu

290

Leu

Tyr

Pro

Glu

Gln

370

Asn

Met

Arg

Ile

Thr

450

Lys

Glu

Gly

Glu

Thr

Tyr

115

Phe

Gly

Asn

Lys

Val

195

Glu

Thr

Ile

Glu

Arg

275

Cys

Pro

Val

Gln

Gly

355

Asn

Ala

Asn

Arg

Trp

435

Leu

Ser

Phe

Thr

Lys

Pro

100

Glu

Glu

Val

Leu

Ser

180

His

Asn

Pro

Asn

Ala

260

Gly

Asp

Phe

Arg

Arg

340

Gly

Glu

Ile

Thr

Met

420

Thr

Asp

Gln

Tyr

Tyr

500

Ile

Asn

Glu

Ile

Ser

Leu

165

Tyr

His

Ala

Glu

Tyr

245

Asn

Phe

Ala

Gln

Ser

325

Glu

Trp

Gln

Asn

Gln

405

Glu

Tyr

Phe

Leu

His
485

Asp

Asp

Pro

Leu

Phe

Ala

150

Trp

Val

Pro

Tyr

Ile

230

Tyr

Gly

Gly

Lys

Asn

310

Ala

Thr

Thr

Gly

Gly

390

Phe

Asn

Asn

His

Lys

470

Lys

Tyr

Ser

Glu

Arg

Pro

135

Ser

Leu

Asn

Pro

Val

215

Ala

Trp

Asn

Ser

Cys

295

Val

Lys

Arg

Gly

Ser

375

Ile

Thr

Leu

Ala

Asp

455

Asn

Cys

Pro

Gly

Asn

Glu

120

Lys

Cys

Thr

Asn

Asn

200

Ser

Lys

Thr

Leu

Gly

280

Gln

His

Leu

Gly

Met

360

Gly

Thr

Ala

Asn

Glu

440

Ser

Asn

Asn

Lys

Gly

Gly

105

Gln

Glu

Ser

Gly

Lys

185

Ile

Val

Arg

Leu

Ile

265

Ile

Thr

Pro

Arg

Leu

345

Val

Tyr

Asn

Val

Lys

425

Leu

Asn

Ala

Asn

Tyr
505

Asp

Thr

Leu

Ser

His

Lys

170

Glu

Gly

Val

Pro

Leu

250

Ala

Ile

Pro

Val

Met

330

Phe

Asp

Ala

Lys

Gly

410

Lys

Leu

Val

Lys

Glu
490

Ser

Ile

Cys

Ser

Ser

Asn

155

Asn

Lys

Asn

Ser

Lys

235

Glu

Pro

Thr

Gln

Thr

315

Val

Gly

Gly

Ala

Val

395

Lys

Val

Val

Lys

Glu
475
Cys

Glu

Ile

Tyr

Ser

Trp

140

Gly

Gly

Glu

Gln

Ser

220

Val

Pro

Trp

Ser

Gly

300

Ile

Thr

Ala

Trp

Asp

380

Asn

Glu

Asp

Leu

Asn

460

Ile

Met

Glu

Lys

Pro

Val

125

Pro

Lys

Leu

Val

Arg

205

His

Arg

Gly

Tyr

Asn

285

Ala

Gly

Gly

Ile

Tyr

365

Gln

Ser

Phe

Asp

Leu

445

Leu

Gly

Glu

Ser

Leu

Gly

110

Ser

Asn

Ser

Tyr

Leu

190

Ala

Tyr

Asp

Asp

Ala

270

Ala

Ile

Glu

Leu

Ala

350

Gly

Lys

Val

Asn

Gly

430

Glu

Tyr

Asn

Ser

Lys
510

Leu

Tyr

Ser

His

Ser

Pro

175

Val

Leu

Ser

Gln

Thr

255

Phe

Pro

Asn

Cys

Arg

335

Gly

Tyr

Ser

Ile

Lys

415

Phe

Asn

Glu

Gly

Val
495

Leu

Asn

Phe

Phe

Thr

Phe

160

Asn

Leu

Tyr

Arg

Glu

240

Ile

Ala

Met

Ser

Pro

320

Asn

Phe

His

Thr

Glu

400

Leu

Leu

Glu

Lys

Cys

480

Lys

Asn

Glu
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515 520 525

Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser
530 535 540

Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe
545 550 555 560

Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe
565 570 575

Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro
580 585 590

Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu
595 600 605

His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala
610 615 620

Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val
625 630 635 640

Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys
645 650 655

Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln
660 665 670

Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
675 680 685

<210> SEQ ID NO 42

<211> LENGTH: 2058

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 42

ctaggatceg ctettectge tettggegat geccttecacg tactggtegg ccaggtacag 60
geegtggtte tegttgecga tcagetcgat cttgtccagg atgtecttga acageacctce 120
ctecectegtge tgcteggeca cgtaccactyg caggaagttg aaggtggegt ggtcecttget 180
cttgatggeg tggtccacga tgttgttgat getctegetg atgtgetget cgtgetegta 240
ggccttetgyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt 300
cagctgcacyg ggcacgttgt tcetegttecag gaagatgatce agettettgg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggegeeg tecaggetgt gggtgtagea 420
ccagctgete atgctcatgt acaggttget getctgeate tecttgttca cctgetegtt 480
cagcagcttyg atgatgtege cteccggaate gatcttetece cggttecaget tgetctecte 540
getgtactta gggtagtcegt aggtgecgtt cttcacgcete tccatacact cgttgttaca 600
cttgtggtag aactcgaage ageccgttgee gatcteettg gegttgttet tcagetgget 660
cttcacctte tcatacaggt tcettcacgtt getgtegtgg aagtccaggg tcectctcatt 720
ctcgaggagyg accaggagtt cggcattgta ggtccagatg tccagaaage cgtegtccac 780
cttettgtte aggtteteca tecteegete cagettgttg aactcettge ccacageggt 840
aaactgggtyg ttcatcttet cgatcacget gttcaccttg ttggtgatge cgttgatgge 900
gttctgggta gacttctgat cggeggcata tccagagece tgetcattet ggtggtggta 960

gccgtaccag ccatccacca tgectgteca tectececteg atgaatcecgg cgatggetcece 1020

aaacagtcct ctggtcteccecce tcetgagggat gtttcectcagg ccggtcacca ttetcagett 1080

ggcgcttete acatacttgg ggcactcegece gatggtcaca gggtgcacat tctggaaggg 1140



141

US 9,441,019 B2

142

-continued
caggctgcta ttgatggcge cctgaggtgt ctggcacttg gcatcacact catccatggg 1200
ggcgttgett gtgatgatgce cgctgccaaa gectctgcte agggcaaagg cataccaagg 1260
ggcgatcaga ttgccegttgg cctecgaagat gatggtatceg ccaggctcca gcagggtceca 1320
gtagtaattg atccggccct cctggtcetet cactttgggt ctettggega tcectegggggt 1380
gaatcttetg ctgtagtgge tggacaccac gctcacatag gegttcectetg tgtggtacag 1440
ggcecegctga tttecgatgt tgggagggtg gtgcactcec cacagcacca gcacttectt 1500
ttecttgttg ttcacgtage tettgctcag gttggggtac aggccattcect tgcctgtcag 1560
ccacagcagg ttccggtaga agctgctttt gcegttgtgg ctacagctgg cagacacgcce 1620
tgtcactgtg tgattaggcc agctggactc cttggggaag atctcgaatc tctcgaagcet 1680
ggacacgcta gacagctgcet cgcgecagetce ctegtaatceg gegaagtage cagggtagea 1740
ggtgccatte tcaggattgg gggtctccac gatgtagctce cagctctect tagaaatcag 1800
cagctcacac tcggggttge ccagaatcca tcecggccaca gaacaattge ccagetgcag 1860
aggggcaatg cctttcagca gacacagctt gccattgtgg ctgtcctceca gcaggttcac 1920
agagtgggtc acggtcacgt tcttctccag cactgtatcce acggtgtcgg tgctattgtt 1980
ggcgtggtag ccgatacaga ttgtgtcecgge gtaggtggeg gtaaaggtac acagcagcac 2040
cagcagtttg gccttcat 2058
<210> SEQ ID NO 43
<211> LENGTH: 2061
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 43
atgaaggcca tcctggtggt getgctgtac accttegeca cegecaacge cgacaccctg 60
tgcatcgget accacgccaa caacagcacce gacaccgtgg acaccgtget ggagaagaac 120
gtgaccgtga cccacagegt gaacctgetg gaggacaagce acaacggcaa gctgtgcaag 180
ctgeggggeg tggeccceect gecacctggge aagtgcaaca tegecggetyg gattetggge 240
aaccccgagt gcgagagect gagcaccgece agcagctgga gctacatcegt ggagacccce 300
agcagcgaca acggcacctg ctaccecegge gacttcateg actacgagga gctgegggag 360
cagctgagca gcgtgagcag cttcgagegg ttegagatcet tecccaagac cagcagetgg 420
cccaaccacg acagcaacaa gggcgtgacce gecgectgece cccacgcecgyg cgccaagagce 480
ttctacaaga acctgatctg gectggtgaag aagggcaaca gctaccccaa gctgagcaag 540
agctacatca acgacaaggg caaggaggtg ctggtgctgt ggggcatcca ccaccccage 600
accagcgeceg accagcagag cctgtaccag aacgccgaca cctacgtgtt cgtgggcage 660
agccggtaca gcaagaagtt caagcccgag atcgecatee ggeccaaggt gcgggaccag 720
gagggccegga tgaactacta ctggaccctg gtggageccg gegacaagat caccttcgag 780
gccaccggea acctggtggt gcecccggtac gecttegeca tggagceggaa cgecggcage 840
ggcatcatca tcagcgacac ccccgtgcac gactgcaaca ccacctgeca gacccccaag 900
ggcgecatca acaccagcect gcccttceccag aacatccacce ccatcaccat cggcaagtge 960
cccaagtacg tgaagagcac caagctgegg ctggccaceyg gectgceggaa catccccage 1020
atccagagcece ggggectgtt cggcgecate gecggcettea tegagggegyg ctggaccgge 1080
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atggtggacg gctggtacgg ctaccaccac cagaacgagce agggcagcegyg ctacgecgece 1140
gacctgaaga gcacccagaa cgccatcgac gagatcacca acaaggtgaa cagcgtgatce 1200
gagaagatga acacccagtt caccgeccgtg ggcaaggagt tcaaccacct ggagaagcegg 1260
atcgagaacc tgaacaagaa ggtggacgac ggcttcectgg acatctggac ctacaacgcce 1320
gagetgetygyg tgctgctgga gaacgagegg accctggact accacgacag caacgtgaag 1380
aacctgtacg agaaggtgcg gagccagcetg aagaacaacyg ccaaggagat cggcaacggce 1440
tgcttcgagt tctaccacaa gtgcgacaac acctgcatgg agagcgtgaa gaacggcacce 1500
tacgactacc ccaagtacag cgaggaggcce aagctgaacce gggaggagat cgactccgga 1560
ggcgacatca tcaagctgct gaacgagcag gtgaacaagg agatgcagag cagcaacctg 1620
tacatgagca tgagcagctg gtgctacacc cacagcctgg acggcgccgg cctgttectg 1680
ttecgaccacyg ccgecgagga gtacgagcac gecaagaage tgatcatcett cctgaacgag 1740
aacaacgtgc ccgtgcagct gaccagcatce agegecceeg agcacaagtt cgagggectg 1800
acccagatct tccagaaggce ctacgagcac gagcagcaca tcagcgagag catcaacaac 1860
atcgtggacc acgccatcaa gagcaaggac cacgccacct tcaacttcct gcagtggtac 1920
gtggccgage agcacgagga ggaggtgetg ttcaaggaca tcctggacaa gatcgagetg 1980
atcggcaacg agaaccacgg cctgtacctg gecgaccagt acgtgaaggyg catcgcecaag 2040
agcaggaaga gcggatccta g 2061

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 44
H: 686
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 44

Met Lys Ala
1

Ala Asp Thr

Val Asp Thr
35

Leu Leu Glu
50

Ala Pro Leu
65

Asn Pro Glu

Val Glu Thr

Ile Asp Tyr
115

Glu Arg Phe
130

Ser Asn Lys
145

Phe Tyr Lys

Lys Leu Ser

Ile Leu Val Val Leu

5

Leu Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Asp Lys His Asn Gly

55

His Leu Gly Lys Cys

70

Cys Glu Ser Leu Ser

85

Pro Ser Ser Asp Asn

100

Glu Glu Leu Arg Glu

120

Glu Ile Phe Pro Lys

135

Gly Val Thr Ala Ala
150

Asn Leu Ile Trp Leu

165

Lys Ser Tyr Ile Asn

180

ic

Leu

His

Val

Lys

Asn

Thr

Gly

105

Gln

Thr

Cys

Val

Asp
185

Tyr

10

Ala

Thr

Leu

Ile

Ala

Thr

Leu

Ser

Pro

Lys
170

Lys

Thr

Asn

Val

Cys

Ala

75

Ser

Cys

Ser

Ser

His

155

Lys

Gly

Phe Ala Thr
Asn Ser Thr
30

Thr His Ser
45

Lys Leu Arg
60

Gly Trp Ile

Ser Trp Ser

Tyr Pro Gly
110

Ser Val Ser
125

Trp Pro Asn
140

Ala Gly Ala

Gly Asn Ser

Lys Glu Val
190

Ala Asn
15

Asp Thr

Val Asn

Gly Val

Leu Gly
80

Tyr Ile
95

Asp Phe

Ser Phe

His Asp

Lys Ser
160

Tyr Pro
175

Leu Val
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-continued

146

Leu

Tyr

Lys

225

Glu

Ile

Ala

Thr
305
Pro

Asn

Phe

Thr

385

Glu

Leu

Leu

Glu

Lys

465

Cys

Lys

Asn

Glu

Ser

545

Phe

Phe

Pro

Trp

Gln

210

Lys

Gly

Thr

Met

His

290

Ser

Lys

Ile

Ile

His

370

Gln

Lys

Glu

Asp

Arg

450

Val

Phe

Asn

Arg

Gln

530

Ser

Asp

Leu

Glu

Gly

195

Asn

Phe

Arg

Phe

Glu

275

Asp

Leu

Tyr

Pro

Glu

355

Gln

Asn

Met

Lys

Ile

435

Thr

Arg

Glu

Gly

Glu

515

Val

Trp

His

Asn

His
595

Ile

Ala

Lys

Met

Glu

260

Arg

Cys

Pro

Val

Ser

340

Gly

Asn

Ala

Asn

Arg

420

Trp

Leu

Ser

Phe

Thr

500

Glu

Asn

Cys

Ala

Glu

580

Lys

His

Asp

Pro

Asn

245

Ala

Asn

Asn

Phe

Lys

325

Ile

Gly

Glu

Ile

Thr

405

Ile

Thr

Asp

Gln

Tyr

485

Tyr

Ile

Lys

Tyr

Ala
565

Asn

Phe

His

Thr

Glu

230

Tyr

Thr

Ala

Thr

Gln

310

Ser

Gln

Trp

Gln

Asp

390

Gln

Glu

Tyr

Tyr

Leu

470

His

Asp

Asp

Glu

Thr

550

Glu

Asn

Glu

Pro Ser Thr Ser Ala Asp Gln Gln Ser
200 205

Tyr Val Phe Val Gly Ser Ser Arg Tyr
215 220

Ile Ala Ile Arg Pro Lys Val Arg Asp
235

Tyr Trp Thr Leu Val Glu Pro Gly Asp
250 255

Gly Asn Leu Val Val Pro Arg Tyr Ala
265 270

Gly Ser Gly Ile Ile Ile Ser Asp Thr
280 285

Thr Cys Gln Thr Pro Lys Gly Ala Ile
295 300

Asn Ile His Pro Ile Thr Ile Gly Lys
315

Thr Lys Leu Arg Leu Ala Thr Gly Leu
330 335

Ser Arg Gly Leu Phe Gly Ala Ile Ala
345 350

Thr Gly Met Val Asp Gly Trp Tyr Gly
360 365

Gly Ser Gly Tyr Ala Ala Asp Leu Lys
375 380

Glu Ile Thr Asn Lys Val Asn Ser Val
395

Phe Thr Ala Val Gly Lys Glu Phe Asn
410 415

Asn Leu Asn Lys Lys Val Asp Asp Gly
425 430

Asn Ala Glu Leu Leu Val Leu Leu Glu
440 445

His Asp Ser Asn Val Lys Asn Leu Tyr
455 460

Lys Asn Asn Ala Lys Glu Ile Gly Asn
475

Lys Cys Asp Asn Thr Cys Met Glu Ser
490 495

Tyr Pro Lys Tyr Ser Glu Glu Ala Lys
505 510

Ser Gly Gly Asp Ile Ile Lys Leu Leu
520 525

Met Gln Ser Ser Asn Leu Tyr Met Ser
535 540

His Ser Leu Asp Gly Ala Gly Leu Phe
555

Glu Tyr Glu His Ala Lys Lys Leu Ile
570 575

Val Pro Val Gln Leu Thr Ser Ile Ser
585 590

Gly Leu Thr Gln Ile Phe Gln Lys Ala
600 605

Leu

Ser

Gln

240

Lys

Phe

Pro

Asn

Cys

320

Arg

Gly

Tyr

Ser

Ile

400

His

Phe

Asn

Glu

Gly

480

Val

Leu

Asn

Met

Leu
560
Ile

Ala

Tyr
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Glu His Glu
610

Ala Ile Lys
625

Val Ala Glu

Lys Ile Glu

Gln Tyr Val
675

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln His Ile Ser Glu

615

Ser Lys Asp His Ala
630

Gln His Glu Glu Glu

645

Leu Ile Gly Asn Glu

660

Lys Gly Ile Ala Lys

D NO 45
H: 2061
DNA

680

Ser

Thr

Val

Asn

665

Ser

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 45

ctaggatceg

geegtggtte

ctectegtge

cttgatggeg

ggccttetgyg

cagctgeacyg

ctecteggeyg

ccagetgete

cagcagcettyg

getgtacttyg

cttgtggtag

cecgeacctte

ctccageage

cttettgtte

gaactgggtg

gttctgggtg

geegtaccag

gaacaggcce

ggtgctette

caggctggtg

ggtgtcgctg

caccaccagg

gtagtagttce

gaacttctty

getetgetygyg
geeettgteyg

ccagatcagg

ctcttectge

tcgttgecga

tgcteggeca

tggtccacga

aagatctggg

ggcacgttgt

gegtggtega

atgctcatgt

atgatgtcge

gggtagtcgt

aactcgaage

tcgtacaggt

accagcagct

aggttctega

ttcatcttcet

ctcttecaggt

cecgtecacca

cggetetgga

acgtacttgg

ttgatggege

atgatgatge

tthngtgg

atcecggecect

ctgtaccgge

thgCgCtgg

ttgatgtage

ttettgtaga

tcttggegat

tcagctegat

cgtaccactyg

tgttgttgat

tcaggcecte

tctegtteag

acaggaacag

acaggttgcet

ctceggagte

aggtgcegtt

agcegttgec

tctteacgtt

cggegttgta

tcecgettete

cgatcacget

cggcggcgta

tgcecggteca

tgctggggat

ggcacttgee

CCttgggggt

cgectgeegge

cctegaaggt

cctggteceyg

tgctgeccac

tgctggggtyg

tcttgceteag

agctettgge

ic

Ile

Phe

Leu

650

His

Arg

Asn

Asn

635

Phe

Gly

Lys

gecctteacy

cttgtccagy

caggaagttg

getetegety

gaacttgtge

gaagatgatc

gccggcecgecg

getetgeate

gatctectee

cttcacgete

gatctectty

getgtegtgg

ggtccagatyg

caggtggttg

gttcacctty

geegetgece

geegeecteyg

gttecgecagyg

gatggtgatg

ctggcaggtg

gttecgetee

gatcttgteg

caccttggge

gaacacgtag

gtggatgcce

cttggggtag

geeggegtgg

Asn Ile Val
620

Phe Leu Gln

Lys Asp Ile

Leu Tyr Leu

670

Ser Gly Ser
685

tactggtecgyg
atgtccttga
aaggtggegt
atgtgcetget
tegggggege
agcttettygyg
tccaggetgt
tecttgttca
cggttcaget
tccatgcagyg
gegttgttet
tagtccaggyg
tccaggaage
aactccettge
ttggtgatct
tgctegttet
atgaagcegg
ceggtggeca
gggtggatgt
gtgttgcagt
atggcgaagg
ccgggeteca
cggatggega
gtgtcggegt
cacagcacca

ctgttgeect

dggcaggcgg

Asp His
Trp Tyr
640

Leu Asp
655

Ala Asp

ccaggtacag
acagcacctce
ggteccttget
cgtgctegta
tgatgctggt
cgtgctegta
gggtgtagca
cctgetegtt
tggcctecte
tgttgtcgea
tcagctgget
tcegetegtt
cgtegtecac
ccacggceggt
cgtegatgge
ggtggtggta
cgatggegece
gecgeagett
tctggaaggy
cgtgcacggy
cgtaccggygy
ccagggteca
tctegggett
tctggtacag
gcacctecett
tcttcaccag

cggtcacgee

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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-continued
cttgttgetg tegtggttgg gecagetgct ggtettgggg aagatctcga accgctcgaa 1680
gctgectcacyg ctgctcagcet gctecccgecag ctectegtag tegatgaagt cgceccggggta 1740
gcaggtgeeg ttgtcecgetge tgggggtcete cacgatgtag ctceccagectgce tggeggtget 1800
caggctcecteg cactecggggt tgcccagaat ccagccggeg atgttgcact tgcccaggtg 1860
caggggggcce acgccccgca gcecttgcacag cttgccgttg tgcttgtcect ccagcaggtt 1920
cacgctgtgg gtcacggtca cgttcttcte cagcacggtg tccacggtgt cggtgctgtt 1980
gttggcgtgg tagccgatgce acagggtgtce ggcgttggeg gtggcgaagg tgtacagcag 2040
caccaccagg atggccttca t 2061
<210> SEQ ID NO 46
<211> LENGTH: 2049
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 46
atggccatca tctacctgat cctgcetgttt acagetgtge ggggcgatca gatctgtate 60
ggctaccacyg ccaacaatag caccgagaag gtggacacca tcctggaaag aaatgtgacce 120
gtgacccacyg ccaaggatat tctggaaaag acccacaacg gcaagctgtg caagctgaat 180
ggcattcecte ctetggaact gggegattgt tcetattgetg getggetget gggaaatcct 240
gagtgcgata gactgctgte tgtgectgag tggagctaca tcatggaaaa agagaaccct 300
agggacggac tgtgttaccc cggcagettce aacgattacyg aggaactgaa gcacctgcetg 360
tccagegtga agcacttcga gaaagtgaag atcctgccca aggatagatg gacccagcat 420
acaacaacag gcggaagcag agcttgtget gtgtcceggea accccagett cttcagaaat 480
atggtctgge tgaccaagaa gggctctaat tatcctgtgg ccaagggcag ctacaataat 540
acaagcggeg agcagatgct gattatttgg ggegtgcacce accctaatga tgagacagag 600
cagagaacce tgtaccagaa tgtgggcaca tacgtgtcetyg tgggcaccag cacactgaat 660
aagagaagca cccccgatat tgccaccaga cccaaagtga atggacaggyg cggcagaatg 720
gaattttect ggaccctget ggatatgtgg gacaccatca actttgagag caccgggaat 780
ctgattgccee ctgagtacgg cttcaagatc agcaagagag gcagcagcegyg catcatgaaa 840
acagagggca ccctggaaaa ctgtgaaacc aagtgtcaga cacctctggg cgccattaat 900
accaccctge ccttecataa tgtgcacccet ctgacaateg gegagtgcecce taagtacgtg 960
aagtctgaga aactggtgct ggccacagga ctgagaaatg tgccccagat cgagtcaaga 1020
ggcctgtttyg gagccattge cggctttatt gaaggcggat ggcagggaat ggtggatggg 1080
tggtacggct atcaccacag caatgatcag ggatctggct atgccgccga taaagagagc 1140
acccagaagg cctttgacgg catcaccaac aaagtgaaca gcgtgatcga gaagatgaac 1200
acccagtttg aggccgtggg caaagagttc agcaatctgg aaagacggct ggaaaacctg 1260
aacaagaaaa tggaagatgg cttcctggac gtgtggacat ataatgccga getgetggtg 1320
ctgatggaaa acgagaggac cctggacttt cacgacagca acgtgaagaa cctgtacgac 1380
aaagtgcgga tgcagctgag agacaatgtg aaagagctgg gcaacggctg ctttgagttce 1440
taccacaagt gcgacgacga gtgcatgaat agcgtgaaga acggcaccta cgactaccct 1500
aagtatgagg aagagagcaa gctgaacaga aacgagatca agtccggagyg cgacatcate 1560
aagctgctga acgagcaggt gaacaaggag atgcagagca gcaacctgta catgagcatg 1620
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152

-continued
agcagctggt gctacaccca cagcctggac ggegccggcece tgttectgtt cgaccacgcece 1680
geecgaggagt acgagcacgce caagaagcetg atcatcttece tgaacgagaa caacgtgecce 1740
gtgcagctga ccagcatcag cgcccccgag cacaagtteg agggcectgac ccagatctte 1800
cagaaggcct acgagcacga gcagcacatc agcgagagca tcaacaacat cgtggaccac 1860
gccatcaaga gcaaggacca cgccacctte aacttectge agtggtacgt ggecgagcag 1920
cacgaggagg aggtgctgtt caaggacatc ctggacaaga tcgagctgat cggcaacgag 1980
aaccacggce tgtacctgge cgaccagtac gtgaagggca tcegccaagag caggaagagce 2040
ggatcctag 2049

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 47
H: 682
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 47

Met Ala Ile
1

Gln Ile Cys

Thr Ile Leu
35

Glu Lys Thr
50

Leu Glu Leu
65

Glu Cys Asp

Lys Glu Asn

Tyr Glu Glu
115

Val Lys Ile
130

Gly Ser Arg
145

Met Val Trp

Ser Tyr Asn

His His Pro
195

Gly Thr Tyr
210

Pro Asp Ile
225
Glu Phe Ser

Ser Thr Gly

Arg Gly Ser

Ile Tyr Leu Ile Leu

Ile Gly Tyr His Ala

20

Glu Arg Asn Val Thr

40

His Asn Gly Lys Leu

55

Gly Asp Cys Ser Ile

70

Arg Leu Leu Ser Val

85

Pro Arg Asp Gly Leu

100

Leu Lys His Leu Leu

120

Leu Pro Lys Asp Arg

135

Ala Cys Ala Val Ser
150

Leu Thr Lys Lys Gly

165

Asn Thr Ser Gly Glu

180

Asn Asp Glu Thr Glu

200

Val Ser Val Gly Thr

215

Ala Thr Arg Pro Lys
230

Trp Thr Leu Leu Asp

245

Asn Leu Ile Ala Pro

260

Ser Gly Ile Met Lys

ic

Leu

Asn

25

Val

Cys

Ala

Pro

Cys

105

Ser

Trp

Gly

Ser

Gln

185

Gln

Ser

Val

Met

Glu
265

Thr

Phe

10

Asn

Thr

Lys

Gly

Glu

90

Tyr

Ser

Thr

Asn

Asn

170

Met

Arg

Thr

Asn

Trp
250

Tyr

Glu

Thr

Ser

His

Leu

Trp

75

Trp

Pro

Val

Gln

Pro

155

Tyr

Leu

Thr

Leu

Gly
235
Asp

Gly

Gly

Ala Val Arg
Thr Glu Lys
30

Ala Lys Asp
45

Asn Gly Ile
60

Leu Leu Gly

Ser Tyr Ile

Gly Ser Phe
110

Lys His Phe
125

His Thr Thr
140

Ser Phe Phe

Pro Val Ala

Ile Ile Trp
190

Leu Tyr Gln
205

Asn Lys Arg
220

Gln Gly Gly

Thr Ile Asn

Phe Lys Ile

270

Thr Leu Glu

Gly Asp
15

Val Asp

Ile Leu

Pro Pro

Asn Pro
80

Met Glu
95

Asn Asp

Glu Lys

Thr Gly

Arg Asn
160

Lys Gly
175

Gly Val

Asn Val

Ser Thr

Arg Met
240

Phe Glu
255

Ser Lys

Asn Cys
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153

-continued

154

Glu

Phe

305

Lys

Ile

Gly

Asp

Phe

385

Thr

Leu

Thr

Asp

Gln

465

Tyr

Tyr

Ile

Lys

Tyr

545

Ala

Asn

Phe

Lys
625

Ile

Gly

Thr

290

His

Ser

Glu

Trp

Gln

370

Asp

Gln

Glu

Tyr

Phe

450

Leu

His

Asp

Lys

Glu

530

Thr

Glu

Asn

Glu

Ile

610

Asp

Glu

Gly

Ile

275

Lys

Asn

Glu

Ser

Gln

355

Gly

Gly

Phe

Asn

Asn

435

His

Arg

Lys

Tyr

Ser

515

Met

His

Glu

Val

Gly

595

Ser

His

Glu

Asn

Ala
675

Cys

Val

Lys

Arg

340

Gly

Ser

Ile

Glu

Leu

420

Ala

Asp

Asp

Cys

Pro

500

Gly

Gln

Ser

Tyr

Pro

580

Leu

Glu

Ala

Glu

Glu
660

Lys

<210> SEQ ID NO

Gln

His

Leu

325

Gly

Met

Gly

Thr

Ala

405

Asn

Glu

Ser

Asn

Asp

485

Lys

Gly

Ser

Leu

Glu

565

Val

Thr

Ser

Thr

Val
645

Asn

Ser

48

Thr

Pro

310

Val

Leu

Val

Tyr

Asn

390

Val

Lys

Leu

Asn

Val

470

Asp

Tyr

Asp

Ser

Asp

550

His

Gln

Gln

Ile

Phe

630

Leu

His

Arg

280 285

Pro Leu Gly Ala Ile Asn Thr Thr Leu
295 300

Leu Thr Ile Gly Glu Cys Pro Lys Tyr
315

Leu Ala Thr Gly Leu Arg Asn Val Pro
330 335

Phe Gly Ala Ile Ala Gly Phe Ile Glu
345 350

Asp Gly Trp Tyr Gly Tyr His His Ser
360 365

Ala Ala Asp Lys Glu Ser Thr Gln Lys
375 380

Lys Val Asn Ser Val Ile Glu Lys Met
395

Gly Lys Glu Phe Ser Asn Leu Glu Arg
410 415

Lys Met Glu Asp Gly Phe Leu Asp Val
425 430

Leu Val Leu Met Glu Asn Glu Arg Thr
440 445

Val Lys Asn Leu Tyr Asp Lys Val Arg
455 460

Lys Glu Leu Gly Asn Gly Cys Phe Glu
475

Glu Cys Met Asn Ser Val Lys Asn Gly
490 495

Glu Glu Glu Ser Lys Leu Asn Arg Asn
505 510

Ile Ile Lys Leu Leu Asn Glu Gln Val
520 525

Asn Leu Tyr Met Ser Met Ser Ser Trp
535 540

Gly Ala Gly Leu Phe Leu Phe Asp His
555

Ala Lys Lys Leu Ile Ile Phe Leu Asn
570 575

Leu Thr Ser Ile Ser Ala Pro Glu His
585 590

Ile Phe Gln Lys Ala Tyr Glu His Glu
600 605

Asn Asn Ile Val Asp His Ala Ile Lys
615 620

Asn Phe Leu Gln Trp Tyr Val Ala Glu
635

Phe Lys Asp Ile Leu Asp Lys Ile Glu
650 655

Gly Leu Tyr Leu Ala Asp Gln Tyr Val
665 670

Lys Ser Gly Ser
680

Pro

Val

320

Gln

Gly

Asn

Ala

Asn

400

Arg

Trp

Leu

Met

Phe

480

Thr

Glu

Asn

Cys

Ala

560

Glu

Lys

Gln

Ser

Gln
640

Leu

Lys
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-continued
<211> LENGTH: 2049
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 48
ctaggatceg ctettectge tettggegat geccttcacyg tactggtegyg ccaggtacag 60
geegtggtte tegttgccga tcagetcgat cttgtecagg atgtcecttga acagcaccte 120
ctectegtge tgcteggeca cgtaccactg caggaagttyg aaggtggegt ggtecttget 180
cttgatggeg tggteccacga tgttgttgat getctegetyg atgtgetget cgtgetegta 240
ggecttetygyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt 300
cagctgcacyg ggcacgttgt tctcegttcag gaagatgate agettettgyg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggcegeceg tcecaggcetgt gggtgtagea 420
ccagetgete atgetcatgt acaggttget getctgeate tecttgtteca cctgetegtt 480
cagcagcettg atgatgtege ctccggactt gatctegttt ctgttcaget tgctetette 540
ctcatactta gggtagtcegt aggtgcegtt cttcacgceta ttcatgcact cgtegtegea 600
cttgtggtag aactcaaagc agccgttgece cagetcettte acattgtcete tcagetgcat 660
cegecactttyg tcegtacaggt tcttcacgtt getgtegtga aagtccaggyg tcctetegtt 720
ttccatcage accagcagct cggcattata tgtccacacyg tccaggaage catcttccat 780
tttcttgtte aggtttteca gecgtcettte cagattgetg aactctttge ccacggecte 840
aaactgggtyg ttcatcttct cgatcacget gttcactttyg ttggtgatge cgtcaaagge 900
cttetgggtyg ctetetttat cggcggeata gecagatcee tgatcattge tgtggtgata 960
gccgtaccac ccatccacca ttecectgecca teccgecttca ataaagccgg caatggetcece 1020

aaacaggcct cttgactcga tcectggggcac atttctcagt cctgtggcca gcaccagttt 1080
ctcagacttc acgtacttag ggcactcgcce gattgtcaga gggtgcacat tatggaaggg 1140
cagggtggta ttaatggcgc ccagaggtgt ctgacacttg gtttcacagt tttccagggt 1200
gccectetgtt ttcatgatge cgetgctgece tetcettgcetg atcttgaage cgtactcagg 1260
ggcaatcaga ttcccggtgce tctcaaagtt gatggtgtcec cacatatcca gcagggtceca 1320
ggaaaattcc attctgeccge cctgtccatt cactttgggt ctggtggcaa tatcgggggt 1380
gcttetetta ttcagtgtge tggtgcccac agacacgtat gtgcccacat tctggtacag 1440
ggttctctge tetgtctcat cattagggtg gtgcacgcec caaataatca gcatctgcetce 1500
gccgettgta ttattgtage tgcccttgge cacaggataa ttagagccct tcttggtceag 1560
ccagaccata tttctgaaga agctggggtt gccggacaca gcacaagctce tgcttcecgece 1620
tgttgttgta tgctgggtcc atctatcctt gggcaggatc ttcactttet cgaagtgett 1680
cacgctggac agcaggtgct tcagttecctce gtaatcgttg aagctgccgg ggtaacacag 1740
tcecgtececta gggttetett tttecatgat gtagetccac tcaggcacag acagcagtcet 1800
atcgcactca ggatttccca gcagccagec agcaatagaa caatcgccca gttccagagg 1860
aggaatgcca ttcagcttge acagcttgce gttgtgggtce ttttccagaa tatccttggce 1920
gtgggtcacg gtcacatttc tttccaggat ggtgtccacc ttectcecggtgce tattgttgge 1980
gtggtagcceg atacagatct gatcgccceg cacagctgta aacagcagga tcaggtagat 2040

gatggccat 2049
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158

-continued
<210> SEQ ID NO 49
<211> LENGTH: 2064
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 49
atgaaaacca tcattgccct gagctacatce ttttgtetgg ctetgggeca ggatctgece 60
ggcaatgata atagcaccgce caccctgtgt ctgggacacce acgccgtgec taatggcacce 120
ctggtgaaaa ccattaccga cgaccagatc gaagtgacca atgccaccga gctggtgcag 180
agcagcagca ccggcaagat ctgcaacaac ccccacagaa tcectggatgg catcgactgt 240
accctgateg atgecectget gggcgatcect cactgcgacyg tgttccagaa cgagacatgg 300
gacctgtteyg tggagagaag caaggcecttce agcaactget acccctacga tgtgcccgat 360
tacgecctete tgagaagect ggtggccage ageggcacac tggaattcat caccgaggge 420
tttacctgga caggcgtgac ccagaatgge ggcagcaatyg cctgtaaaag aggccctgge 480
agcggettet tcagcagact gaactggetg accaagtceeg gcagcaccta ccctgtgetg 540
aacgtgacca tgcccaacaa cgacaacttc gacaagctgt acatctgggyg cgtgcaccac 600
cctagcacca atcaggaaca gaccagectg tacgtgcagyg ccageggcag agtgaccgtg 660
tctaccagac ggtcccagca gaccatcatce cccaacateg agtcaagacce ttgggtgcege 720
ggcctgagea gcagaatcag catctactgg accatcgtga aacctggega cgtgetggtg 780
atcaacagca atggcaacct gatcgccccee agaggctact tcaagatgeg gaccggcaag 840
agcagcatca tgagaagcga cgcccccatce gatacctgta tcagcgagtyg catcacccce 900
aacggcagca tccccaacga caagccctte cagaacgtga acaagatcac ctacggcgece 960
tgccctaagt acgtgaagca gaacaccctg aagcetggeca cceggcatgag aaatgtgcce 1020
gagaagcaga caagaggcct gtttggegece attgccgget ttatcgagaa cggctgggag 1080
ggcatgatcg atgggtggta cggcttcaga caccagaatt ctgagggcac aggacaggcce 1140
geecgatctga agtctacaca ggccgecatce gaccagatca acggcaagcet gaacagagtg 1200
atcgagaaaa ccaacgagaa gttccaccag atcgagaaag aattcagcga ggtggaggge 1260
agaatccagg acctggaaaa atacgtggag gacaccaaga tcgacctgtyg gagctacaat 1320
geecgaactyge tggtecgccct ggaaaaccag cacaccatcg acctgaccga cagcgagatg 1380
aataagctgt tcgaaaagac cagacggcag ctgagagaaa acgccgagga catgggcaac 1440
ggctgetteca agatctacca caagtgcgac aacgcctgca tcgagagcat cagaaacggce 1500
acctacgacce acgatgtgta cagggacgag gccctgaaca acagattcca gatcaagtce 1560
ggaggcgaca tcatcaagct gctgaacgag caggtgaaca aggagatgca gagcagcaac 1620
ctgtacatga gcatgagcag ctggtgctac acccacagcce tggacggcgce cggcectgtte 1680
ctgttcgacce acgccgccga ggagtacgag cacgccaaga agctgatcat cttectgaac 1740
gagaacaacyg tgcccgtgca gctgaccage atcagegece ccgagcacaa gttcgaggge 1800
ctgacccaga tcttecagaa ggcctacgag cacgagcage acatcagcga gagcatcaac 1860
aacatcgtgg accacgccat caagagcaag gaccacgcca ccttcaactt cctgcagtgg 1920
tacgtggceg agcagcacga ggaggaggtg ctgttcaagyg acatcctgga caagatcgag 1980
ctgatcggca acgagaacca cggcctgtac ctggccgacce agtacgtgaa gggcatcgee 2040
aagagcagga agagcggatc ctag 2064
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160

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met
1

Gln

Gln

Gly

65

Thr

Asn

Cys

Ala

Gly

145

Ser

Tyr

Leu

Ser

Ser

225

Gly

Asp

Tyr

Pro

Pro
305
Cys

Arg

Gly

Lys

Asp

His

Ile

50

Lys

Leu

Glu

Tyr

Ser

130

Val

Gly

Pro

Tyr

Leu

210

Gln

Leu

Val

Phe

Ile

290

Asn

Pro

Asn

Phe

Thr

Leu

Ala

35

Glu

Ile

Ile

Thr

Pro

115

Ser

Thr

Phe

Val

Ile

195

Tyr

Gln

Ser

Leu

Lys

275

Asp

Asp

Lys

Val

Ile
355

PRT

SEQUENCE :

Ile

Pro

20

Val

Val

Cys

Asp

Trp

100

Tyr

Gly

Gln

Phe

Leu

180

Trp

Val

Thr

Ser

Val

260

Met

Thr

Lys

Tyr

Pro

340

Glu

SEQ ID NO 50
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

687

50

Ile

5

Gly

Pro

Thr

Asn

Ala

85

Asp

Asp

Thr

Asn

Ser

165

Asn

Gly

Gln

Ile

Arg

245

Ile

Arg

Cys

Pro

Val
325

Glu

Asn

Ala

Asn

Asn

Asn

Asn

70

Leu

Leu

Val

Leu

Gly

150

Arg

Val

Val

Ala

Ile

230

Ile

Asn

Thr

Ile

Phe
310
Lys

Lys

Gly

Synthetic

Leu

Asp

Gly

Ala

55

Pro

Leu

Phe

Pro

Glu

135

Gly

Leu

Thr

His

Ser

215

Pro

Ser

Ser

Gly

Ser

295

Gln

Gln

Gln

Trp

Ser

Asn

Thr

40

Thr

His

Gly

Val

Asp

120

Phe

Ser

Asn

Met

His

200

Gly

Asn

Ile

Asn

Lys

280

Glu

Asn

Asn

Thr

Glu
360

Tyr

Ser

25

Leu

Glu

Arg

Asp

Glu

105

Tyr

Ile

Asn

Trp

Pro

185

Pro

Arg

Ile

Tyr

Gly

265

Ser

Cys

Val

Thr

Arg
345

Gly

Ile

10

Thr

Val

Leu

Ile

Pro

90

Arg

Ala

Thr

Ala

Leu

170

Asn

Ser

Val

Glu

Trp

250

Asn

Ser

Ile

Asn

Leu
330

Gly

Met

Phe

Ala

Lys

Val

Leu

75

His

Ser

Ser

Glu

Cys

155

Thr

Asn

Thr

Thr

Ser

235

Thr

Leu

Ile

Thr

Lys

315

Lys

Leu

Ile

Cys

Thr

Thr

Gln

60

Asp

Cys

Lys

Leu

Gly

140

Lys

Lys

Asp

Asn

Val

220

Arg

Ile

Ile

Met

Pro

300

Ile

Leu

Phe

Asp

Leu

Leu

Ile

45

Ser

Gly

Asp

Ala

Arg

125

Phe

Arg

Ser

Asn

Gln

205

Ser

Pro

Val

Ala

Arg

285

Asn

Thr

Ala

Gly

Gly
365

Ala

Cys

30

Thr

Ser

Ile

Val

Phe

110

Ser

Thr

Gly

Gly

Phe

190

Glu

Thr

Trp

Lys

Pro

270

Ser

Gly

Tyr

Thr

Ala
350

Trp

Leu

15

Leu

Asp

Ser

Asp

Phe

95

Ser

Leu

Trp

Pro

Ser

175

Asp

Gln

Arg

Val

Pro

255

Arg

Asp

Ser

Gly

Gly

335

Ile

Tyr

Gly

Gly

Asp

Thr

Cys

80

Gln

Asn

Val

Thr

Gly

160

Thr

Lys

Thr

Arg

Arg

240

Gly

Gly

Ala

Ile

Ala
320
Met

Ala

Gly
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162

Phe Arg His
370

Ser Thr Gln
385

Ile Glu Lys

Glu Val Glu

Lys Ile Asp

435

Asn Gln His
450

Glu Lys Thr
465

Gly Cys Phe

Ile Arg Asn

Asn Asn Arg

515

Asn Glu Gln
530

Met Ser Ser
545

Leu Phe Asp

Ile Phe Leu

Ala Pro Glu

595

Tyr Glu His
610

His Ala Ile
625

Tyr Val Ala

Asp Lys Ile

Asp Gln Tyr
675

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Asn Ser Glu Gly

375

Ala Ala Ile Asp Gln
390

Thr Asn Glu Lys Phe

405

Gly Arg Ile Gln Asp

420

Leu Trp Ser Tyr Asn

440

Thr Ile Asp Leu Thr

455

Arg Arg Gln Leu Arg
470

Lys Ile Tyr His Lys

485

Gly Thr Tyr Asp His

500

Phe Gln Ile Lys Ser

520

Val Asn Lys Glu Met

535

Trp Cys Tyr Thr His
550

His Ala Ala Glu Glu

565

Asn Glu Asn Asn Val

580

His Lys Phe Glu Gly

600

Glu Gln His Ile Ser

615

Lys Ser Lys Asp His
630

Glu Gln His Glu Glu

645

Glu Leu Ile Gly Asn

660

Val Lys Gly Ile Ala

D NO 51
H: 2064
DNA

680

Thr

Ile

His

Leu

425

Ala

Asp

Glu

Cys

Asp

505

Gly

Gln

Ser

Tyr

Pro

585

Leu

Glu

Ala

Glu

Glu

665

Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 51

ctaggatceg

geegtggtte

ctectegtge

cttgatggeg

ggccttetgyg

ctcttectge

tcgttgecga

tgcteggeca

tggtccacga

aagatctggg

tcttggegat

tcagctegat

cgtaccactyg

tgttgttgat

tcaggcecte

ic

Gly

Asn

Gln

410

Glu

Glu

Ser

Asn

Asp

490

Val

Gly

Ser

Leu

Glu

570

Val

Thr

Ser

Thr

Val

650

Asn

Ser

Gln

Gly

395

Ile

Lys

Leu

Glu

Ala

475

Asn

Tyr

Asp

Ser

Asp

555

His

Gln

Gln

Ile

Phe

635

Leu

His

Arg

gecctteacy

cttgtccagy

caggaagttg

getetegety

gaacttgtge

Ala Ala Asp Leu Lys
380

Lys Leu Asn Arg Val
400

Glu Lys Glu Phe Ser
415

Tyr Val Glu Asp Thr
430

Leu Val Ala Leu Glu
445

Met Asn Lys Leu Phe
460

Glu Asp Met Gly Asn
480

Ala Cys Ile Glu Ser
495

Arg Asp Glu Ala Leu
510

Ile Ile Lys Leu Leu
525

Asn Leu Tyr Met Ser
540

Gly Ala Gly Leu Phe
560

Ala Lys Lys Leu Ile
575

Leu Thr Ser Ile Ser
590

Ile Phe Gln Lys Ala
605

Asn Asn Ile Val Asp
620

Asn Phe Leu Gln Trp
640

Phe Lys Asp Ile Leu
655

Gly Leu Tyr Leu Ala
670

Lys Ser Gly Ser
685

tactggtcgg ccaggtacag
atgtccttga acagcacctce
aaggtggegt ggtecttget
atgtgctget cgtgctegta

thggggCgC tgatgctggt

60

120

180

240

300
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-continued
cagctgcacyg ggcacgttgt tctcegttcag gaagatgate agettettgyg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggcegeceg tcecaggcetgt gggtgtagea 420
ccagetgete atgetcatgt acaggttget getctgeate tecttgtteca cctgetegtt 480
cagcagcettg atgatgtcege ctccggactt gatctggaat ctgttgttca gggectegte 540
cctgtacaca tcegtggtegt aggtgeegtt tetgatgete tegatgcagyg cgttgtegea 600
cttgtggtag atcttgaagc agccgttgece catgtcecteg gegttttete tcagetgecyg 660
tctggtettt tcgaacagcet tattcatcte gctgtcggte aggtcgatgg tgtgetggtt 720
ttccagggeg accagcagtt cggcattgta getccacagyg tcegatcttgg tgtectcecac 780
gtatttttee aggtcctgga ttectgcecte cacctegcectg aattctttet cgatctggtyg 840
gaacttcteg ttggttttcet cgatcactcect gttcagecttg ccgttgatct ggtcgatgge 900
ggectgtgta gacttcagat cggeggectg tectgtgece tcagaattet ggtgtctgaa 960
gccgtaccac ccatcgatca tgccecctcecca gecgttcecteg ataaagccgg caatggegec 1020
aaacaggcct cttgtctget tetecgggcac atttcectcatg cecggtggcca gettcagggt 1080
gttctgctte acgtacttag ggcaggcgcece gtaggtgatce ttgttcacgt tctggaaggg 1140
cttgtegttg gggatgctge cgttgggggt gatgcactcg ctgatacagg tatcgatggg 1200
ggcgtecgett ctcatgatge tgctcecttgece ggtccgcate ttgaagtagce ctetgggggce 1260
gatcaggttg ccattgctgt tgatcaccag cacgtcgcca ggtttcacga tggtccagta 1320
gatgctgatt ctgctgctca ggccgcgcac ccaaggtctt gactcgatgt tggggatgat 1380
ggtctgctgg gaccgtcectgg tagacacggt cactctgceg ctggectgca cgtacaggcet 1440
ggtctgttee tgattggtge tagggtggtg cacgccccag atgtacagcet tgtcgaagtt 1500
gtcgttgttyg ggcatggtca cgttcagcac agggtaggtg ctgccggact tggtcagceca 1560
gttcagtcetyg ctgaagaagc cgctgccagg gectcectttta caggcattgce tgccgccatt 1620
ctgggtcacg cctgtccagg taaagccctce ggtgatgaat tccagtgtge cgctgctggce 1680
caccaggctt ctcagagagg cgtaatcggg cacatcgtag gggtagcagt tgctgaaggce 1740
cttgcttete tccacgaaca ggtcccatgt ctegttetgg aacacgtcge agtgaggatce 1800
gcccagcagg gcatcgatca gggtacagtc gatgccatec aggattctgt gggggttgtt 1860
gcagatcttg ccggtgectge tgctcectgcac cagcteggtg gcattggtca cttecgatcetg 1920
gtcgtcggta atggttttca ccagggtgcce attaggcacg gegtggtgtce ccagacacag 1980
ggtggcggtyg ctattatcat tgccgggcag atcctggcec agagccagac aaaagatgta 2040
gctcagggca atgatggttt tcat 2064
<210> SEQ ID NO 52
<211> LENGTH: 2064
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 52
atgaaaacca tcattgccct gagctacatce ctgtgcctgyg tgttcacaca gaagetgcce 60
ggcaacgata atagcaccgce cacactgtgt ctgggacacc acgccgtgec taatggcacce 120
atcgtgaaaa caatcaccaa cgaccagatc gaagtgacca atgccacaga gctggtgcag 180
agcagcagca caggcgagat ctgtgacage cceccaccaga tcectggatgg cgagaactgt 240
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accctgateg atgeectget gggegatcct cagtgegacg gettccagaa

gacctgtteg tggagagaag caaggcctac agcaactget acccctacga

tacgccagee tgagaagect ggtggectet ageggcacce tggaattcaa

ttcaactgga ccggcegtgac acagaatgge accagcageg cctgcatcag

aacagcttcet tcagtagact gaattggetg acccacctga agttcaagta

aacgtgacca tgcccaacaa tgagaagttce gacaagetgt acatctgggg

cctggecaceg acaacgatca gatcttecct tacgeccagg ccageggcag

tccaccaaga gaagccagca gaccgtgate cccaatateg gcagcagacce

aacatcccca gcaggatcag catctactgg acaatcgtga agectggega

atcaacagca ccggcaacct gatcgeccct cggggctact ttaagatcag

agcagcatca tgagatccga cgeccccate ggcaagtgca acagcegagtg

aacggcagca tccccaacga caagecctte cagaacgtga acaggatcac

tgccctagat acgtgaagca gaacaccctg aagetggeca ccggcatgag

gagaagcaga ccagaggcat ctttggcegece attgecgget ttatcgagaa

ggaatggtgg atgggtggta cggcttcaga caccagaata gcgagggaat

gecgatctga aatctaccca ggccgecate gaccagatca acggcaaget

atcggcaaga ccaacgagaa gttccaccag atcgagaaag aattcagcega

agaatccagg acctggaaaa atacgtggag gacaccaaga tcgacctgtg

gecgaactge tggtegecct ggaaaaccag cacacaattg atctgacaga

aataagctgt tcgagaaaac caagaagcag ctgagagaaa acgccgagga

ggctgettca agatctacca caagtgcgac aacgcctgea teggeageat

acctacgacce acgacgtgta cagagatgag gccctgaaca accggtttca

ggaggcgaca tcatcaagcet gctgaacgag caggtgaaca aggagatgeca

ctgtacatga gcatgagcag ctggtgetac acccacagec tggacggege

ctgttegace acgccgecga ggagtacgag cacgccaaga agctgatcat

gagaacaacg tgcccgtgca gctgaccage atcagcgece ccgagcacaa

ctgacccaga tcttecagaa ggectacgag cacgagcage acatcagcega

aacatcgtgg accacgccat caagagcaag gaccacgcca ccttcaactt

tacgtggceg agcagcacga ggaggaggtg ctgttcaagg acatcctgga

ctgatcggca acgagaacca cggectgtac ctggecgace agtacgtgaa

aagagcagga agagcggatce ctag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 687

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 53

Met Lys Thr Ile Ile Ala Leu Ser Tyr

1

5

Gln Lys Leu Pro Gly Asn Asp Asn Ser

20 25

His His Ala Val Pro Asn Gly Thr Ile

Ile Leu Cys Leu Val
10

Thr Ala Thr Leu Cys
30

Val Lys Thr Ile Thr

caagaaatgg
cgtgectgat
caacgagagce
acggtccaac
ccecegececty
agtgcaccac
aatcaccgtyg
cagagtgcegg
catcctgety
aagcggcaag
catcacccca
ctacggegece
aaatgtgccce
tggctgggag
tggacaggce
gaacaggctg
ggtggagggce
gagctacaat
cagtgagatg
catgggcaac
cagaaacggce
gatcaagtce
gagcagcaac
cggectgtte
cttectgaac
gttcgaggge
gagcatcaac
cctgcagtygy
caagatcgag

gggcatcgece

Phe Thr
15

Leu Gly

Asn Asp

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2064
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168

Gln

Gly

65

Thr

Asn

Cys

Ala

Gly

145

Asn

Tyr

Leu

Phe

Ser

225

Asn

Asp

Tyr

Pro

Pro

305

Cys

Arg

Gly

Phe

Ser

385

Ile

Glu

Lys

Asn

Ile

50

Glu

Leu

Lys

Tyr

Ser

130

Val

Ser

Pro

Tyr

Pro

210

Gln

Ile

Ile

Phe

Ile

290

Asn

Pro

Asn

Phe

Arg

370

Thr

Gly

Val

Ile

Gln
450

35

Glu

Ile

Ile

Lys

Pro

115

Ser

Thr

Phe

Ala

Ile

195

Tyr

Gln

Pro

Leu

Lys

275

Gly

Asp

Arg

Val

Ile

355

His

Gln

Lys

Glu

Asp
435

His

Val

Cys

Asp

Trp

100

Tyr

Gly

Gln

Phe

Leu

180

Trp

Ala

Thr

Ser

Leu

260

Ile

Lys

Lys

Tyr

Pro

340

Glu

Gln

Ala

Thr

Gly
420

Leu

Thr

Thr

Asp

Ala

85

Asp

Asp

Thr

Asn

Ser

165

Asn

Gly

Gln

Val

Arg

245

Ile

Arg

Cys

Pro

Val

325

Glu

Asn

Asn

Ala

Asn
405
Arg

Trp

Ile

Asn

Ser

70

Leu

Leu

Val

Leu

Gly

150

Arg

Val

Val

Ala

Ile

230

Ile

Asn

Ser

Asn

Phe

310

Lys

Lys

Gly

Ser

Ile

390

Glu

Ile

Ser

Asp

40 45

Ala Thr Glu Leu Val Gln Ser Ser Ser
55 60

Pro His Gln Ile Leu Asp Gly Glu Asn
75

Leu Gly Asp Pro Gln Cys Asp Gly Phe
90 95

Phe Val Glu Arg Ser Lys Ala Tyr Ser
105 110

Pro Asp Tyr Ala Ser Leu Arg Ser Leu
120 125

Glu Phe Asn Asn Glu Ser Phe Asn Trp
135 140

Thr Ser Ser Ala Cys Ile Arg Arg Ser
155

Leu Asn Trp Leu Thr His Leu Lys Phe
170 175

Thr Met Pro Asn Asn Glu Lys Phe Asp
185 190

His His Pro Gly Thr Asp Asn Asp Gln
200 205

Ser Gly Arg Ile Thr Val Ser Thr Lys
215 220

Pro Asn Ile Gly Ser Arg Pro Arg Val
235

Ser Ile Tyr Trp Thr Ile Val Lys Pro
250 255

Ser Thr Gly Asn Leu Ile Ala Pro Arg
265 270

Gly Lys Ser Ser Ile Met Arg Ser Asp
280 285

Ser Glu Cys Ile Thr Pro Asn Gly Ser
295 300

Gln Asn Val Asn Arg Ile Thr Tyr Gly
315

Gln Asn Thr Leu Lys Leu Ala Thr Gly
330 335

Gln Thr Arg Gly Ile Phe Gly Ala Ile
345 350

Trp Glu Gly Met Val Asp Gly Trp Tyr
360 365

Glu Gly Ile Gly Gln Ala Ala Asp Leu
375 380

Asp Gln Ile Asn Gly Lys Leu Asn Arg
395

Lys Phe His Gln Ile Glu Lys Glu Phe
410 415

Gln Asp Leu Glu Lys Tyr Val Glu Asp
425 430

Tyr Asn Ala Glu Leu Leu Val Ala Leu
440 445

Leu Thr Asp Ser Glu Met Asn Lys Leu
455 460

Thr

Cys

80

Gln

Asn

Val

Thr

Asn

160

Lys

Lys

Ile

Arg

Arg

240

Gly

Gly

Ala

Ile

Ala

320

Met

Ala

Gly

Lys

Leu

400

Ser

Thr

Glu

Phe
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-continued

Glu Lys Thr Lys Lys Gln Leu Arg Glu Asn Ala Glu Asp Met Gly Asn
465 470 475 480

Gly Cys Phe Lys Ile Tyr His Lys Cys Asp Asn Ala Cys Ile Gly Ser
485 490 495

Ile Arg Asn Gly Thr Tyr Asp His Asp Val Tyr Arg Asp Glu Ala Leu
500 505 510

Asn Asn Arg Phe Gln Ile Lys Ser Gly Gly Asp Ile Ile Lys Leu Leu
515 520 525

Asn Glu Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser
530 535 540

Met Ser Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe
545 550 555 560

Leu Phe Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile
565 570 575

Ile Phe Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser
580 585 590

Ala Pro Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala
595 600 605

Tyr Glu His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp
610 615 620

His Ala Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp
625 630 635 640

Tyr Val Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu
645 650 655

Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala
660 665 670

Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
675 680 685

<210> SEQ ID NO 54

<211> LENGTH: 2064

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 54

ctaggatceg ctettectge tettggegat geccttcacyg tactggtegyg ccaggtacag 60
geegtggtte tegttgccga tcagetcgat cttgtecagg atgtcecttga acagcaccte 120
ctectegtge tgcteggeca cgtaccactg caggaagttyg aaggtggegt ggtecttget 180
cttgatggeg tggteccacga tgttgttgat getctegetyg atgtgetget cgtgetegta 240
ggecttetygyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt 300
cagctgcacyg ggcacgttgt tctcegttcag gaagatgate agettettgyg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggcegeceg tcecaggcetgt gggtgtagea 420
ccagetgete atgetcatgt acaggttget getctgeate tecttgtteca cctgetegtt 480
cagcagcettyg atgatgtcege ctccggactt gatctgaaac cggttgttca gggectcate 540
tctgtacacyg tcegtggtegt aggtgeegtt tetgatgetyg cegatgcagyg cgttgtegea 600
cttgtggtag atcttgaagc agccgttgece catgtcecteg gegttttete tcagetgett 660
cttggttttc tcgaacagct tattcatctce actgtctgtc agatcaattg tgtgcetggtt 720

ttccagggeg accagcagtt cggcattgta getccacagg tegatettgg tgtcectccac 780
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gtatttttee aggtcctgga ttectgcecte cacctegcectg aattctttet cgatctggtyg 840
gaacttcteyg ttggtettge cgatcagect gttcagettyg cegttgatet ggtcgatgge 900
ggectgggta gatttcagat cggeggectg tccaattcce tegetattet ggtgtctgaa 960
gccgtaccac ccatccacca ttecectcecca gecattcecteg ataaagccgg caatggegec 1020
aaagatgcct ctggtctget tetecgggcac atttcectcatg ccggtggcca gettcagggt 1080
gttctgctte acgtatctag ggcaggcgcece gtaggtgatce ctgttcacgt tctggaaggg 1140
cttgtcegttg gggatgctge cgtttggggt gatgcactcg ctgttgcact tgccgatggg 1200
ggcgtcggat ctcatgatge tgctcecttgece gettcectgate ttaaagtagce cccgaggggce 1260
gatcaggttg ccggtgcectgt tgatcagcag gatgtcgcca ggcttcacga ttgtccagta 1320
gatgctgatc ctgctgggga tgttccgcac tcectgggtctg ctgccgatat tggggatcac 1380
ggtctgctgg cttetettgg tggacacggt gattctgceg ctggectggg cgtaagggaa 1440
gatctgatecg ttgtcggtge cagggtggtg cactccccag atgtacagcet tgtcgaactt 1500
ctcattgttg ggcatggtca cgttcagggc ggggtacttg aacttcaggt gggtcagcca 1560
attcagtcta ctgaagaagc tgttgttgga ccgtctgatg caggcgctgce tggtgccatt 1620
ctgtgtcacg ccggtccagt tgaagctctce gttgttgaat tccagggtgce cgctagaggce 1680
caccaggctt ctcaggctgg cgtaatcagg cacgtcgtag gggtagcagt tgctgtaggce 1740
cttgcttete tccacgaaca ggtcccattt cttgttetgg aagccgtcge actgaggatce 1800
gcccagcagg gcatcgatca gggtacagtt ctcgccatec aggatctggt gggggctgte 1860
acagatctcg cctgtgctge tgctctgcac cagectctgtg gecattggtca cttecgatctg 1920
gtcgttggtyg attgttttca cgatggtgcce attaggcacyg gegtggtgtce ccagacacag 1980
tgtggecggtg ctattatcgt tgccgggcag cttetgtgtg aacaccaggce acaggatgta 2040
gctcagggca atgatggttt tcat 2064
<210> SEQ ID NO 55
<211> LENGTH: 2067
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 55
atggaaaaga tcgtgctgct getggecatt gtgagectgyg tgaagagcega ccagatctge 60
attggctacce acgccaacaa tagcacagag caggtggaca ccatcatgga aaaaaacgtg 120
accgtgacce acgctcagga catcctggaa aagacccaca acggcaagcet gtgtgatctg 180
gacggcegtga agectcectgat cctgagagat tgtagegtgg ctggatgget getgggcaac 240
cctatgtgeg acgagttcat caacgtgecce gagtggaget atatcgtgga gaaggccaac 300
cccaccaacg atctgtgtta ccccggeage ttcaacgatt acgaggaact gaagcacctg 360
ctgtecccgga tcaaccactt cgagaagatc cagatcatce ccaagtccte ttggagcgat 420
cacgaagcct ctageggagt gtctagegece tgtecttace tgggcagecce cagettette 480
agaaacgtgg tgtggctgat caagaagaac agcacctacce ccaccatcaa gaagagctac 540
aacaacacca accaggaaga tctgctggte ctgtggggaa tccaccacce taatgatgece 600
geecgagcaga ccagactgta ccagaacccce accacctata tcagcatcgg caccagcacce 660
ctgaatcaga gactggtgcce caagatcgec accagatcca aggtgaacgyg ccagagcggce 720
aggatggaat tcttctggac catcctgaag cccaacgacyg ccatcaactt cgagagcaac 780
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ggcaacttta tcgeccctga gtacgectac aagatcgtga agaagggcga cagcegccatce 840
atgaagagcg agctggaata cggcaactgce aacaccaagt gccagacacce tatgggcgcece 900
atcaacagca gcatgccectt ccacaacatc caccctctga ccatcggega gtgecctaag 960
tacgtgaaga gcaacagact ggtgctggece acaggcctga gaaatagccce ccagegggag 1020
agcagaagaa agaagagggg cctgtttgga gccatcgecg getttattga aggcggctgg 1080
cagggaatgg tggatggctg gtacggctac caccacagca atgagcaggg ctctggatat 1140
geegecgaca aagagtctac ccagaaggcece atcgacggeg tcaccaacaa ggtgaacagce 1200
atcatcgaca agatgaacac ccagttcgag gctgtgggca gagagttcaa caacctggaa 1260
cggcggatcg agaacctgaa caagaaaatg gaagatggct tcctggatgt gtggacctac 1320
aatgccgaac tgctggtgct gatggaaaac gagcggacce tggacttceca cgacagcaac 1380
gtgaagaacc tgtacgacaa agtgcggetg cagctgagag acaacgccaa agagcetggge 1440
aacggctget tcgagttcta ccacaagtgce gacaacgagt gcatggaaag catcaggaac 1500
ggcacctaca actaccctca gtacagcgag gaagccaggce tgaagaggga agagatcagce 1560
tceggaggeg acatcatcaa getgctgaac gagcaggtga acaaggagat gcagagcagce 1620
aacctgtaca tgagcatgag cagctggtgce tacacccaca gcectggacgyg cgccggectyg 1680
ttectgtteg accacgcege cgaggagtac gagcacgcca agaagctgat catcttectg 1740
aacgagaaca acgtgcccgt gcagctgacce agcatcageg cccccgagca caagttcgag 1800
ggectgacee agatcttcca gaaggectac gagcacgage agcacatcag cgagagcatce 1860
aacaacatcg tggaccacgc catcaagagc aaggaccacyg ccaccttcaa cttectgcag 1920
tggtacgtgg ccgagcagca cgaggaggag gtgctgttca aggacatcct ggacaagatc 1980
gagctgateg gcaacgagaa ccacggectg tacctggecg accagtacgt gaagggcatce 2040
gccaagagca ggaagagcgg atcctag 2067

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 56
H: 688
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 56

Met Glu Lys
1

Asp Gln Ile

Asp Thr Ile
35

Leu Glu Lys
50

Pro Leu Ile
65

Pro Met Cys

Glu Lys Ala

Asp Tyr Glu
115

Ile Val Leu Leu Leu

Cys Ile Gly Tyr His

20

Met Glu Lys Asn Val

40

Thr His Asn Gly Lys

55

Leu Arg Asp Cys Ser

70

Asp Glu Phe Ile Asn

85

Asn Pro Thr Asn Asp

100

Glu Leu Lys His Leu

120

ic

Ala Ile Val
10

Ala Asn Asn

Thr Val Thr

Leu Cys Asp
Val Ala Gly
75

Val Pro Glu
90

Leu Cys Tyr
105

Leu Ser Arg

Ser Leu Val
Ser Thr Glu
30

His Ala Gln
45

Leu Asp Gly
60

Trp Leu Leu

Trp Ser Tyr

Pro Gly Ser
110

Ile Asn His
125

Lys Ser
15

Gln Val

Asp Ile

Val Lys

Gly Asn
80

Ile Val
95

Phe Asn

Phe Glu
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Lys

Ser

145

Arg

Lys

Gly

Asn

Leu

225

Arg

Phe

Asn

Met

305

Tyr

Pro

Ala

Gly

Glu

385

Ile

Asn

Gly

Glu

Tyr

465

Asn

Ser

Arg

Leu

Ser

Ile

130

Gly

Asn

Lys

Ile

Pro

210

Val

Met

Glu

Lys

Cys

290

Pro

Val

Gln

Gly

Tyr

370

Ser

Ile

Asn

Phe

Asn

450

Asp

Gly

Ile

Leu

Asn
530

Met

Gln

Val

Val

Ser

His

195

Thr

Pro

Glu

Ser

Lys

275

Asn

Phe

Lys

Arg

Phe

355

His

Thr

Asp

Leu

Leu

435

Glu

Lys

Cys

Arg

Lys

515

Glu

Ser

Ile

Ser

Val

Tyr

180

His

Thr

Lys

Phe

Asn

260

Gly

Thr

His

Ser

Glu

340

Ile

His

Gln

Lys

Glu

420

Asp

Arg

Val

Phe

Asn
500
Arg

Gln

Ser

Ile

Ser

Trp

165

Asn

Pro

Tyr

Ile

Phe

245

Gly

Asp

Lys

Asn

Asn

325

Ser

Glu

Ser

Lys

Met

405

Arg

Val

Thr

Arg

Glu

485

Gly

Glu

Val

Trp

Pro

Ala

150

Leu

Asn

Asn

Ile

Ala

230

Trp

Asn

Ser

Cys

Ile

310

Arg

Arg

Gly

Asn

Ala

390

Asn

Arg

Trp

Leu

Leu

470

Phe

Thr

Glu

Asn

Cys

Lys

135

Cys

Ile

Thr

Asp

Ser

215

Thr

Thr

Phe

Ala

Gln

295

His

Leu

Arg

Gly

Glu

375

Ile

Thr

Ile

Thr

Asp

455

Gln

Tyr

Tyr

Ile

Lys
535

Tyr

Ser

Pro

Lys

Asn

Ala

200

Ile

Arg

Ile

Ile

Ile

280

Thr

Pro

Val

Lys

Trp

360

Gln

Asp

Gln

Glu

Tyr

440

Phe

Leu

His

Asn

Ser
520

Glu

Thr

Ser

Tyr

Lys

Gln

185

Ala

Gly

Ser

Leu

Ala

265

Met

Pro

Leu

Leu

Lys

345

Gln

Gly

Gly

Phe

Asn

425

Asn

His

Arg

Lys

Tyr

505

Ser

Met

His

Trp

Leu

Asn

170

Glu

Glu

Thr

Lys

Lys

250

Pro

Lys

Met

Thr

Ala

330

Arg

Gly

Ser

Val

Glu

410

Leu

Ala

Asp

Asp

Cys

490

Pro

Gly

Gln

Ser

Ser

Gly

155

Ser

Asp

Gln

Ser

Val

235

Pro

Glu

Ser

Gly

Ile

315

Thr

Gly

Met

Gly

Thr

395

Ala

Asn

Glu

Ser

Asn

475

Asp

Gln

Gly

Ser

Leu

Asp

140

Ser

Thr

Leu

Thr

Thr

220

Asn

Asn

Tyr

Glu

Ala

300

Gly

Gly

Leu

Val

Tyr

380

Asn

Val

Lys

Leu

Asn

460

Ala

Asn

Tyr

Asp

Ser
540

Asp

His

Pro

Tyr

Leu

Arg

205

Leu

Gly

Asp

Ala

Leu

285

Ile

Glu

Leu

Phe

Asp

365

Ala

Lys

Gly

Lys

Leu

445

Val

Lys

Glu

Ser

Ile
525

Asn

Gly

Glu

Ser

Pro

Val

190

Leu

Asn

Gln

Ala

Tyr

270

Glu

Asn

Cys

Arg

Gly

350

Gly

Ala

Val

Arg

Met

430

Val

Lys

Glu

Cys

Glu
510
Ile

Leu

Ala

Ala

Phe

Thr

175

Leu

Tyr

Gln

Ser

Ile

255

Lys

Tyr

Ser

Pro

Asn

335

Ala

Trp

Asp

Asn

Glu

415

Glu

Leu

Asn

Leu

Met

495

Glu

Lys

Tyr

Gly

Ser

Phe

160

Ile

Trp

Gln

Arg

Gly

240

Asn

Ile

Gly

Ser

Lys

320

Ser

Ile

Tyr

Lys

Ser

400

Phe

Asp

Met

Leu

Gly

480

Glu

Ala

Leu

Met

Leu
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-continued

545 550 555 560
Phe Leu Phe Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu

565 570 575
Ile Ile Phe Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile

580 585 590
Ser Ala Pro Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys
595 600 605
Ala Tyr Glu His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val
610 615 620

Asp His Ala Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln
625 630 635 640
Trp Tyr Val Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile

645 650 655
Leu Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu

660 665 670
Ala Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
675 680 685

<210> SEQ ID NO 57
<211> LENGTH: 2067
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 57
ctaggatceg ctettectge tettggegat geccttcacyg tactggtegyg ccaggtacag 60
geegtggtte tegttgccga tcagetcgat cttgtecagg atgtcecttga acagcaccte 120
ctectegtge tgcteggeca cgtaccactg caggaagttyg aaggtggegt ggtecttget 180
cttgatggeg tggteccacga tgttgttgat getctegetyg atgtgetget cgtgetegta 240
ggecttetygyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt 300
cagctgcacyg ggcacgttgt tctcegttcag gaagatgate agettettgyg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggcegeceg tcecaggcetgt gggtgtagea 420
ccagetgete atgetcatgt acaggttget getctgeate tecttgtteca cctgetegtt 480
cagcagcettg atgatgtege ctccggaget gatctcettece ctettcagece tggettecte 540
gectgtactga gggtagttgt aggtgeccgtt cctgatgett tecatgcact cgttgtcgea 600
cttgtggtag aactcgaagce agccgttgece cagetcetttyg gegttgtete tcagetgcag 660
cegcactttyg tcegtacaggt tcttcacgtt getgtegtgyg aagtccaggyg tccgetegtt 720
ttccatcage accagcagtt cggcattgta ggtccacaca tccaggaage catcttccat 780
tttettgtte aggttectega tccgeegtte caggttgttyg aactetcetge ccacagecte 840
gaactgggtyg ttcatcttgt cgatgatgct gttcaccttg ttggtgacgce cgtcgatgge 900
cttetgggta gactetttgt cggcggeata tecagagece tgctcattge tgtggtggta 960
gccgtaccag ccatccacca ttecectgeca gecgecttca ataaagccgg cgatggetcece 1020
aaacaggccce ctcttcecttte ttetgctcecte ccecgetggggg ctatttcteca ggectgtgge 1080
cagcaccagt ctgttgctcect tcacgtactt agggcactcg ccgatggtca gagggtggat 1140
gttgtggaag ggcatgctgce tgttgatggce gcccataggt gtctggcact tggtgttgca 1200
gttgccgtat tceccagctcecge tcettcatgat ggcecgetgteg cecttcettca cgatcttgta 1260
ggcgtactca ggggcgataa agttgcegtt gectctcgaag ttgatggegt cgttgggett 1320
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-continued
caggatggtc cagaagaatt ccatcctgce gctetggecg ttcaccttgg atctggtggce 1380
gatcttggge accagtctct gattcagggt gectggtgceg atgctgatat aggtggtggg 1440
gttctggtac agtctggtct gcteggegge atcattaggg tggtggattce cccacaggac 1500
cagcagatct tcctggttgg tgttgttgta gctettettg atggtggggt aggtgctgtt 1560
cttcttgatc agccacacca cgtttctgaa gaagctgggg ctgcccaggt aaggacaggce 1620
gctagacact ccgctagagg cttegtgatce gectccaagag gacttgggga tgatctggat 1680
cttctecgaag tggttgatcce gggacagcag gtgcttcagt tcctecgtaat cgttgaagcet 1740
gccggggtaa cacagatcgt tggtggggtt ggcecttctec acgatatagce tccacteggyg 1800
cacgttgatg aactcgtcge acatagggtt gcccagcagce catccagcca cgctacaatce 1860
tctcaggatc agaggcttca cgccgtceccag atcacacage ttgccgttgt gggtcetttte 1920
caggatgtcc tgagcgtggg tcacggtcac gtttttttec atgatggtgt ccacctgcetce 1980
tgtgctattg ttggcgtggt agccaatgca gatctggteg ctcttcacca ggctcacaat 2040
ggccagcagce agcacgatct tttccat 2067
<210> SEQ ID NO 58
<211> LENGTH: 2109
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 58
atgaaggcca tcatcgtgct getgatggtg gtgaccagea acgccgatag aatctgcace 60
ggcatcacca gcagcaatag cccccatgtg gtgaaaacag ccacccaggg cgaagtgaat 120
gtgacaggceyg tgatccctet gaccaccacce cccaccaaga gctacttege caacctgaag 180
ggcaccagaa ccagaggcaa gctgtgccce gattgectga actgcaccga tctggatgtg 240
getetgggea gacctatgtg tgtgggcace acaccatctg ccaaggcecag catcctgeac 300
gaagtgaagce ctgtgaccag cggctgette cccatcatge acgaccggac caagatcaga 360
cagctgecca acctgetgag aggctacgag aacatccgge tgtccaccca gaatgtgate 420
gatgccgaga aagcccctgg cggaccttat agactgggca ccagceggetce ttgtcccaat 480
gecaccteca agagecggett ttttgeccaca atggectggg cegtgcectaa ggacaacaac 540
aagaacgcca ccaaccctcet gaccgtggag gtgccctaca tcetgtacaga gggcgaggat 600
cagatcacag tgtggggctt ccacagcgac gacaagaccce agatgaagaa cctgtacgge 660
gacagcaacc cccagaagtt taccagcage gecaatggeg tgaccaccca ctacgtgtec 720
cagatcggca gcttteccga tcagacagag gatggcggac tgcectcagte tggcaggate 780
gtggtggact acatgatgca gaagcctgge aagaccggca ccatcgtgta tcagagaggce 840
gtgctgetyge ctcagaaagt gtggtgtgcce agceggcaggt ctaaagtgat caagggcagce 900
ctgcctetga ttggegagge cgactgtetg cacgaaaagt acggcggect gaacaagagce 960
aagcectact acacaggcga gcacgccaag gecatcggea attgccccat ctgggtgaaa 1020
accceectga agetggecaa tggcaccaag tacagaccte ccegecaaget gctgaaagag 1080
agaggcttct ttggcgccat tgccggattt ctggaaggcg gctgggaggg aatgattgcece 1140
ggctggcacg gctatacatce tcatggggcce catggegtgg ctgtggccgce cgatctgaag 1200
tctacccagg aagccatcaa caagatcacc aagaacctga acagectgag cgagctggaa 1260
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-continued
gtgaagaatc tgcagagact gagcggcgcece atggatgage tgcacaacga gatcctggaa 1320
ctggacgaga aagtggatga tctccgcgce gatacaattt cctcccagat tgaactggcece 1380
gtgctgctgt ccaacgaggg catcatcaac agcgaggatg aacacctgct ggccctggaa 1440
cggaagctga agaagatgct gggcccttcet gcecgtggaga tcggcaacgg ctgcttcecgag 1500
acaaagcaca agtgcaacca gacctgectg gatagaateg ccegetggcac cttcaatgece 1560
ggcgagttca gcctgcctac cttecgacage ctgaatatca cctceccggagg cgacatcatce 1620
aagctgctga acgagcaggt gaacaaggag atgcagagca gcaacctgta catgagcatg 1680
agcagctggt gctacaccca cagcctggac ggegccggcece tgttectgtt cgaccacgcece 1740
geecgaggagt acgagcacgce caagaagcetg atcatcttece tgaacgagaa caacgtgecce 1800
gtgcagctga ccagcatcag cgcccccgag cacaagtteg agggcectgac ccagatctte 1860
cagaaggcct acgagcacga gcagcacatc agcgagagca tcaacaacat cgtggaccac 1920
gccatcaaga gcaaggacca cgccacctte aacttectge agtggtacgt ggecgagcag 1980
cacgaggagg aggtgctgtt caaggacatc ctggacaaga tcgagctgat cggcaacgag 2040
aaccacggce tgtacctgge cgaccagtac gtgaagggca tcegccaagag caggaagagce 2100
ggatcctag 2109

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 59
H: 702
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 59

Met Lys Ala
1

Arg Ile Cys
Thr Ala Thr
35

Thr Thr Pro
50

Arg Gly Lys
65

Ala Leu Gly

Ser Ile Leu

Met His Asp
115

Tyr Glu Asn
130

Ala Pro Gly
145

Ala Thr Ser

Lys Asp Asn

Tyr Ile Cys
195

Ile Ile Val Leu Leu

5

Thr Gly Ile Thr Ser

20

Gln Gly Glu Val Asn

40

Thr Lys Ser Tyr Phe

55

Leu Cys Pro Asp Cys

70

Arg Pro Met Cys Val

85

His Glu Val Lys Pro

100

Arg Thr Lys Ile Arg

120

Ile Arg Leu Ser Thr

135

Gly Pro Tyr Arg Leu
150

Lys Ser Gly Phe Phe

165

Asn Lys Asn Ala Thr

180

Thr Glu Gly Glu Asp

200

ic

Met Val Val
10

Ser Asn Ser
25

Val Thr Gly

Ala Asn Leu

Leu Asn Cys

75

Gly Thr Thr
90

Val Thr Ser
105

Gln Leu Pro

Gln Asn Val
Gly Thr Ser
155

Ala Thr Met
170

Asn Pro Leu
185

Gln Ile Thr

Thr Ser Asn
Pro His Val

30
Val Ile Pro
Lys Gly Thr
60

Thr Asp Leu

Pro Ser Ala

Gly Cys Phe
110

Asn Leu Leu
125

Ile Asp Ala
140

Gly Ser Cys

Ala Trp Ala

Thr Val Glu
190

Val Trp Gly
205

Ala Asp
15

Val Lys

Leu Thr

Arg Thr

Asp Val
80

Lys Ala
95

Pro Ile

Arg Gly

Glu Lys

Pro Asn
160

Val Pro
175

Val Pro

Phe His
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184

Ser

Gln

225

Gln

Ser

Gly

Cys

Gly

305

Lys

Ile

Pro

Gly

Tyr

385

Ser

Ser

Glu

Arg

Asn

465

Arg

Gly

Ile

Asp

Glu

545

Ser

Phe

Phe

Pro

Glu

Asp

210

Lys

Ile

Gly

Thr

Ala

290

Glu

Pro

Trp

Pro

Phe

370

Thr

Thr

Glu

Leu

Ala

450

Glu

Lys

Cys

Ala

Ser

530

Gln

Ser

Asp

Leu

Glu
610

His

Asp

Phe

Gly

Arg

Ile

275

Ser

Ala

Tyr

Val

Ala

355

Leu

Ser

Gln

Leu

His

435

Asp

Gly

Leu

Phe

Ala

515

Leu

Val

Trp

His

Asn
595

His

Glu

Lys

Thr

Ser

Ile

260

Val

Gly

Asp

Tyr

Lys

340

Lys

Glu

His

Glu

Glu

420

Asn

Thr

Ile

Lys

Glu

500

Gly

Asn

Asn

Cys

Ala
580
Glu

Lys

Gln

Thr

Ser

Phe

245

Val

Tyr

Arg

Cys

Thr

325

Thr

Leu

Gly

Gly

Ala

405

Val

Glu

Ile

Ile

Lys

485

Thr

Thr

Ile

Lys

Tyr

565

Ala

Asn

Phe

His

Gln

Ser

230

Pro

Val

Gln

Ser

Leu

310

Gly

Pro

Leu

Gly

Ala

390

Ile

Lys

Ile

Ser

Asn

470

Met

Lys

Phe

Thr

Glu

550

Thr

Glu

Asn

Glu

Ile

Met

215

Ala

Asp

Asp

Arg

Lys

295

His

Glu

Leu

Lys

Trp

375

His

Asn

Asn

Leu

Ser

455

Ser

Leu

His

Asn

Ser

535

Met

His

Glu

Val

Gly
615

Ser

Lys

Asn

Gln

Tyr

Gly

280

Val

Glu

His

Lys

Glu

360

Glu

Gly

Lys

Leu

Glu

440

Gln

Glu

Gly

Lys

Ala

520

Gly

Gln

Ser

Tyr

Pro
600

Leu

Glu

Asn

Gly

Thr

Met

265

Val

Ile

Lys

Ala

Leu

345

Arg

Gly

Val

Ile

Gln

425

Leu

Ile

Asp

Pro

Cys

505

Gly

Gly

Ser

Leu

Glu
585
Val

Thr

Ser

Leu

Val

Glu

250

Met

Leu

Lys

Tyr

Lys

330

Ala

Gly

Met

Ala

Thr

410

Arg

Asp

Glu

Glu

Ser

490

Asn

Glu

Asp

Ser

Asp

570

His

Gln

Gln

Ile

Tyr

Thr

235

Asp

Gln

Leu

Gly

Gly

315

Ala

Asn

Phe

Ile

Val

395

Lys

Leu

Glu

Leu

His

475

Ala

Gln

Phe

Ile

Asn

555

Gly

Ala

Leu

Ile

Asn

Gly

220

Thr

Gly

Lys

Pro

Ser

300

Gly

Ile

Gly

Phe

Ala

380

Ala

Asn

Ser

Lys

Ala

460

Leu

Val

Thr

Ser

Ile

540

Leu

Ala

Lys

Thr

Phe
620

Asn

Asp

His

Gly

Pro

Gln

285

Leu

Leu

Gly

Thr

Gly

365

Gly

Ala

Leu

Gly

Val

445

Val

Leu

Glu

Cys

Leu

525

Lys

Tyr

Gly

Lys

Ser
605

Gln

Ile

Ser

Tyr

Leu

Gly

270

Lys

Pro

Asn

Asn

Lys

350

Ala

Trp

Asp

Asn

Ala

430

Asp

Leu

Ala

Ile

Leu

510

Pro

Leu

Met

Leu

Leu
590
Ile

Lys

Val

Asn

Val

Pro

255

Lys

Val

Leu

Lys

Cys

335

Tyr

Ile

His

Leu

Ser

415

Met

Asp

Leu

Leu

Gly

495

Asp

Thr

Leu

Ser

Phe

575

Ile

Ser

Ala

Asp

Pro

Ser

240

Gln

Thr

Trp

Ile

Ser

320

Pro

Arg

Ala

Gly

Lys

400

Leu

Asp

Leu

Ser

Glu

480

Asn

Arg

Phe

Asn

Met

560

Leu

Ile

Ala

Tyr

His
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186

625

Ala Ile Lys

Val Ala Glu

Lys Ile Glu
675

Gln Tyr Val

690

<210> SEQ I
<211> LENGT.
<212> TYPE:

630

Ser Lys Asp His Ala

645

635

Thr Phe Asn
650

Gln His Glu Glu Glu Val Leu Phe

660

665

Leu Ile Gly Asn Glu Asn His Gly

680

Lys Gly Ile Ala Lys

D NO 60
H: 2109
DNA

695

Ser Arg Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 60

ctaggatceg

geegtggtte

ctectegtge

cttgatggeg

ggccttetgyg

cagctgeacyg

ctecteggeyg

ccagetgete

cagcagcettyg

gaactcgecyg

gtgctttgte

cagctteegt

cagcagcacyg

ctegtecagt

attcttcact

ctgggtagac

gtgccagecyg

gaagcctete

caggggggtt

gtagggcttg

cagaggcagyg

cagcagcacyg

gtccaccacyg

gecgatcetygyg

gttgctgteg

tgtgatctga

ggcgttetty

ggaggtggcea

ctcttectge

tcgttgecga

tgcteggeca

tggtccacga

aagatctggg

ggcacgttgt

gegtggtega

atgctcatgt

atgatgtcge

gcattgaagg

tcgaagcage

tccagggeca

gccagttcaa

tccaggatct

tccagetege

ttcagatcgg

gcaatcattce

tctttecagea

ttcacccaga

ctettgttea

ctgcecttga

cctetetgat

atcctgecag

gacacgtagt

ccgtacaggt

tcctegecect

ttgttgtect

ttgggacaag

tcttggegat

tcagctegat

cgtaccactyg

tgttgttgat

tcaggcecte

tctegtteag

acaggaacag

acaggttgcet

ctceggaggt

tgccagegge

cgttgecgat

gecaggtgtte

tctgggagga

cgttgtgeag

tcaggetgtt

cggccacage

ccteccagec

gettggeggy

tggggcaatt

ggcegecgta

tcactttaga

acacgatggt

actgaggcag

gggtggtcac

tctteatety

ctgtacagat

taggcacgge

agcecgetggt

ic

gecctteacy

cttgtccagy

caggaagttg

getetegety

gaacttgtge

gaagatgatc

gccggcecgecg

getetgeate

gatattcagg

gattctatce

ctccacggea

atcctegetyg

aattgtatcg

ctcatccatg

caggttcttyg

cacgccatgg

gecttecaga

aggtctgtac

gecgatggece

cttttegtge

cctgeegety

geeggtetty
tcegecatee

gecattggeyg

ggtettgteyg

gtagggcace

ccaggecatt

gcccagtceta

640

Phe Leu Gln Trp Tyr
655

Lys Asp Ile Leu Asp
670

Leu Tyr Leu Ala Asp
685

Ser Gly Ser
700

tactggtcgg ccaggtacag
atgtccttga acagcacctce
aaggtggegt ggtecttget
atgtgctget cgtgctegta
tegggggege tgatgetggt
agcttettgg cgtgctegta
tccaggetgt gggtgtagea
tccttgttca cctgetegtt
ctgtcgaagyg taggcagget
aggcaggtct ggttgcactt
gaagggccca gcatcttett
ttgatgatge cctegttgga
gegeggagat catccacttt
gegecgetca gtetetgeag
gtgatcttgt tgatggette
gececatgag atgtatagece
aatccggcaa tggcgccaaa
ttggtgccat tggccagett
ttggcegtget cgectgtgta
agacagtcgg cctegecaat
gcacaccaca ctttcetgagg
ccaggcettet gcatcatgta
tctgtetgat cgggaaaget
ctgctggtaa acttctgggy

tcgetgtgga agccccacac

tccacggtca gagggttggt

gtggcaaaaa agccgctett

taaggtccge caggggettt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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ctcggcatcg atcacattet gggtggacag ccggatgttce tcgtagecte tcagcaggtt 1740
gggcagctgt ctgatcttgg tcecggtegtg catgatgggg aagcagccgce tggtcacagg 1800
cttcacttecg tgcaggatgce tggccttgge agatggtgtg gtgcccacac acataggtct 1860
gcccagagec acatccagat cggtgcagtt caggcaatcg gggcacagcet tgcctctggt 1920
tctggtgece ttcaggttgg cgaagtagct cttggtgggg gtggtggtca gagggatcac 1980
gcctgtcaca ttcacttcecge cctgggtgge tgttttcacce acatgggggce tattgctget 2040
ggtgatgccg gtgcagatte tatcggegtt gectggtcacce accatcagca gcacgatgat 2100
ggccttcat 2109
<210> SEQ ID NO 61
<211> LENGTH: 2064
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 61
atgaaaacca taattgcgct gtcctacata ctgtgtctgg tgtttgccca gaaactgccg 60
ggcaatgaca actcaacagc cacgctcectge ttggggcacce atgccgtecce taacgggacce 120
attgtgaaaa ccattactaa cgatcagata gaggtgacta atgccaccga gctggtgcaa 180
agtagctcca caggagagat ctgcgatagt ccccaccaga ttcectggacgg aaagaattgt 240
acgctgateg acgegetgtt gggcgacccet cagtgtgacyg gatttcagaa taagaagtgg 300
gatctgtttyg tggaaaggtc aaaggcttat tcaaattget acccttacga tgtgcctgat 360
tatgccagee tgcggtecct cgtcegegtet agtgggacte tggagttcaa caacgagtca 420
tttaactgga ctggegttac acagaacggg actagttceg cttgcataag gagaagcaaa 480
aatagtttct tcagcagact gaattggetg acacatctga acttcaagta ccctgcactg 540
aatgtaacca tgcccaacaa cgagcagttc gataagcettt acatttgggyg agttcatcat 600
cctggeactyg acaaggatca gatctttetg tatgcccagyg cttecggcag gattaccgtg 660
tctacaaaga gaagccagca aactgtgtcet ceccaatateg gcagtagacce cagagtacgg 720
aacatcccta gtcgecatcag tatttactgg accatcgtga aaccaggcega tattctectg 780
attaacagta ctggcaacct gatcgcccee cggggatact ttaaaatccyg ctctggaaag 840
tcctecatta tgagatcaga tgcaccgatce ggaaaatgca actctgagtyg tatcacacce 900
aatgggagca ttcccaatga caaaccttte cagaacgtta atcgaataac ttatggggcece 960
tgtccacggt acgtgaagca aaataccttg aaactggcga ccggtatgcg caatgtcccce 1020
gaaaaacaga cccgcgggat atttggggcet atcgcagget ttatcgagaa tggctgggaa 1080
gggatggtgg atggttggta tggttttaga catcaaaact ccgaaggcag aggccaggct 1140
geegatcteca agagcacgca ggccgetata gatcagatca atggaaagcet caacagactg 1200
atcgggaaaa ccaacgaaaa attccatcag atcgagaaag agttctccga agtcgagggg 1260
cgcatacagg acctggagaa gtatgttgag gatacaaaga ttgatctgtg gtcctacaat 1320
gccgagcectge tggtggcectcet ggagaatcag cacactattg acctgaccga ttcagagatg 1380
aacaaacttt ttgagaagac gaagaagcag cttagagaaa atgcagagga catggggaac 1440
ggatgcttta aaatatatca taagtgtgat aatgcctgca tcggatcaat tagaaatggt 1500
acctatgatc acgatgttta cagggacgaa gcgctgaata acaggttcca gataaaatcc 1560
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-continued
ggaggcgaca tcatcaagct gctgaacgag caggtgaaca aggagatgca gagcagcaac 1620
ctgtacatga gcatgagcag ctggtgctac acccacagcce tggacggcgce cggcectgtte 1680
ctgttcgacce acgccgccga ggagtacgag cacgccaaga agctgatcat cttectgaac 1740
gagaacaacyg tgcccgtgca gctgaccage atcagegece ccgagcacaa gttcgaggge 1800
ctgacccaga tcttecagaa ggcctacgag cacgagcage acatcagcga gagcatcaac 1860
aacatcgtgg accacgccat caagagcaag gaccacgcca ccttcaactt cctgcagtgg 1920
tacgtggceg agcagcacga ggaggaggtg ctgttcaagyg acatcctgga caagatcgag 1980
ctgatcggca acgagaacca cggcctgtac ctggccgacce agtacgtgaa gggcatcgee 2040
aagagcagga agagcggatc ctag 2064

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 62
H: 687
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 62

Met Lys Thr
1

Gln Lys Leu

His His Ala

Gln Ile Glu

50

Gly Glu Ile
65

Thr Leu Ile

Asn Lys Lys

Cys Tyr Pro

115

Ala Ser Ser
130

Gly Val Thr
145

Asn Ser Phe

Tyr Pro Ala

Leu Tyr Ile
195

Phe Leu Tyr
210

Ser Gln Gln
225

Asn Ile Pro

Asp Ile Leu

Ile Ile Ala Leu Ser

5

Pro Gly Asn Asp Asn

20

Val Pro Asn Gly Thr

40

Val Thr Asn Ala Thr

55

Cys Asp Ser Pro His

70

Asp Ala Leu Leu Gly

85

Trp Asp Leu Phe Val

100

Tyr Asp Val Pro Asp

120

Gly Thr Leu Glu Phe

135

Gln Asn Gly Thr Ser
150

Phe Ser Arg Leu Asn

165

Leu Asn Val Thr Met

180

Trp Gly Val His His

200

Ala Gln Ala Ser Gly

215

Thr Val Ser Pro Asn
230

Ser Arg Ile Ser Ile

245

Leu Ile Asn Ser Thr

260

ic

Tyr

Ser

25

Ile

Glu

Gln

Asp

Glu

105

Tyr

Asn

Ser

Trp

Pro

185

Pro

Arg

Ile

Tyr

Gly
265

Ile

10

Thr

Val

Leu

Ile

Pro

90

Arg

Ala

Asn

Ala

Leu

170

Asn

Gly

Ile

Gly

Trp

250

Asn

Leu

Ala

Lys

Val

Leu

75

Gln

Ser

Ser

Glu

Cys

155

Thr

Asn

Thr

Thr

Ser
235

Thr

Leu

Cys Leu Val

Thr Leu Cys
30

Thr Ile Thr

Gln Ser Ser

60
Asp Gly Lys

Cys Asp Gly

Lys Ala Tyr

110

Leu Arg Ser
125

Ser Phe Asn
140

Ile Arg Arg

His Leu Asn

Glu Gln Phe
190

Asp Lys Asp
205

Val Ser Thr
220

Arg Pro Arg

Ile Val Lys

Ile Ala Pro
270

Phe Ala
15

Leu Gly

Asn Asp

Ser Thr

Asn Cys
80

Phe Gln
95

Ser Asn

Leu Val

Trp Thr

Ser Lys
160

Phe Lys
175

Asp Lys

Gln Ile

Lys Arg

Val Arg
240

Pro Gly
255

Arg Gly
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192

Tyr

Pro

Pro

305

Cys

Arg

Gly

Phe

Ser

385

Ile

Glu

Lys

Asn

Glu

465

Gly

Ile

Asn

Asn

Met

545

Leu

Ile

Ala

Tyr

His

625

Tyr

Asp

Asp

Phe

Ile

290

Asn

Pro

Asn

Phe

Arg

370

Thr

Gly

Val

Ile

Gln

450

Lys

Cys

Arg

Asn

Glu

530

Ser

Phe

Phe

Pro

Glu

610

Ala

Val

Lys

Gln

Lys

275

Gly

Asp

Arg

Val

Ile

355

His

Gln

Lys

Glu

Asp

435

His

Thr

Phe

Asn

Arg

515

Gln

Ser

Asp

Leu

Glu

595

His

Ile

Ala

Ile

Tyr
675

Ile

Lys

Lys

Tyr

Pro

340

Glu

Gln

Ala

Thr

Gly

420

Leu

Thr

Lys

Lys

Gly

500

Phe

Val

Trp

His

Asn

580

His

Glu

Lys

Glu

Glu
660

Val

Arg

Cys

Pro

Val

325

Glu

Asn

Asn

Ala

Asn

405

Arg

Trp

Ile

Lys

Ile

485

Thr

Gln

Asn

Cys

Ala

565

Glu

Lys

Gln

Ser

Gln
645

Leu

Lys

Ser

Asn

Phe

310

Lys

Lys

Gly

Ser

Ile

390

Glu

Ile

Ser

Asp

Gln

470

Tyr

Tyr

Ile

Lys

Tyr

550

Ala

Asn

Phe

His

Lys

630

His

Ile

Gly

Gly

Ser

295

Gln

Gln

Gln

Trp

Glu

375

Asp

Lys

Gln

Tyr

Leu

455

Leu

His

Asp

Lys

Glu

535

Thr

Glu

Asn

Glu

Ile

615

Asp

Glu

Gly

Ile

Lys

280

Glu

Asn

Asn

Thr

Glu

360

Gly

Gln

Phe

Asp

Asn

440

Thr

Arg

Lys

His

Ser

520

Met

His

Glu

Val

Gly

600

Ser

His

Glu

Asn

Ala
680

Ser

Cys

Val

Thr

Arg

345

Gly

Arg

Ile

His

Leu

425

Ala

Asp

Glu

Cys

Asp

505

Gly

Gln

Ser

Tyr

Pro

585

Leu

Glu

Ala

Glu

Glu
665

Lys

Ser

Ile

Asn

Leu

330

Gly

Met

Gly

Asn

Gln

410

Glu

Glu

Ser

Asn

Asp

490

Val

Gly

Ser

Leu

Glu

570

Val

Thr

Ser

Thr

Val
650

Asn

Ser

Ile

Thr

Arg

315

Lys

Ile

Val

Gln

Gly

395

Ile

Lys

Leu

Glu

Ala

475

Asn

Tyr

Asp

Ser

Asp

555

His

Gln

Gln

Ile

Phe
635
Leu

His

Arg

Met

Pro

300

Ile

Leu

Phe

Asp

Ala

380

Lys

Glu

Tyr

Leu

Met

460

Glu

Ala

Arg

Ile

Asn

540

Gly

Ala

Leu

Ile

Asn

620

Asn

Phe

Gly

Lys

Arg

285

Asn

Thr

Ala

Gly

Gly

365

Ala

Leu

Lys

Val

Val

445

Asn

Asp

Cys

Asp

Ile

525

Leu

Ala

Lys

Thr

Phe

605

Asn

Phe

Lys

Leu

Ser
685

Ser

Gly

Tyr

Thr

Ala

350

Trp

Asp

Asn

Glu

Glu

430

Ala

Lys

Met

Ile

Glu

510

Lys

Tyr

Gly

Lys

Ser

590

Gln

Ile

Leu

Asp

Tyr

670

Gly

Asp

Ser

Gly

Gly

335

Ile

Tyr

Leu

Arg

Phe

415

Asp

Leu

Leu

Gly

Gly

495

Ala

Leu

Met

Leu

Leu

575

Ile

Lys

Val

Gln

Ile
655

Leu

Ser

Ala

Ile

Ala

320

Met

Ala

Gly

Lys

Leu

400

Ser

Thr

Glu

Phe

Asn

480

Ser

Leu

Leu

Ser

Phe

560

Ile

Ser

Ala

Asp

Trp

640

Leu

Ala
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<210> SEQ ID NO 63

<211> LENGTH: 2064

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 63

ctaggatceg ctettectge tettggegat geccttecacg tactggtegg ccaggtacag
geegtggtte tegttgecga tcagetcgat cttgtccagg atgtecttga acageacctce
ctecectegtge tgcteggeca cgtaccactyg caggaagttg aaggtggegt ggtcecttget
cttgatggeg tggtccacga tgttgttgat getctegetg atgtgetget cgtgetegta
ggccttetgyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt
cagctgcacyg ggcacgttgt tcetegttecag gaagatgatce agettettgg cgtgetegta
ctecteggeg gegtggtega acaggaacag gecggegeeg tecaggetgt gggtgtagea
ccagctgete atgctcatgt acaggttget getctgeate tecttgttca cctgetegtt
cagcagcttyg atgatgtege cteeggattt tatctggaac ctgttattca gegettegte
cctgtaaaca tcgtgatcat aggtaccatt tctaattgat cegatgcagg cattatcaca
cttatgatat attttaaage atccgttece catgtectet geattttete taagetgett
cttegtette tcaaaaagtt tgttcatcte tgaatcggte aggtcaatag tgtgetgatt
ctccagagece accagcagcet cggcattgta ggaccacaga tcaatctttg tatcctcaac
atacttctce aggtectgta tgegeccete gactteggag aactctttet cgatctgatg
gaatttttceg ttggttttece cgatcagtet gttgagettt ccattgatet gatctatage
ggcctgegty ctettgagat cggcagectyg gectcetgect teggagtttt gatgtctaaa
accataccaa ccatccacca tcecttecca gecatteteg ataaagectyg cgatageccce
aaatatccecg cgggtetgtt ttteggggac attgegeata ceggtegeca gtttcaaggt
attttgctte acgtaccgtg gacaggccce ataagttatt cgattaacgt tctggaaagg
tttgtcattg ggaatgctee cattgggtgt gatacactca gagttgcatt ttccgatcegg
tgcatctgat ctcataatgg aggactttee agageggatt ttaaagtate ccegggggge
gatcaggttyg ccagtactgt taatcaggag aatatcgcct ggtttcacga tggtccagta
aatactgatg cgactaggga tgttcegtac tctgggtcta ctgecgatat tgggagacac
agtttgctgg cttetetttg tagacacggt aatcctgeeg gaagectggg catacagaaa
gatctgatce ttgtcagtgce caggatgatg aactccccaa atgtaaaget tatcgaactg
ctegttgttyg ggcatggtta cattcagtge agggtacttg aagttcagat gtgtcagcca
attcagtctyg ctgaagaaac tatttttget tctecttatg caageggaac tagtccegtt
ctgtgtaacg ccagtccagt taaatgacte gttgttgaac tccagagtce cactagacgce
gacgagggac cgcaggctgg cataatcagg cacatcgtaa gggtagcaat ttgaataagce
ctttgacctt tccacaaaca gatcccactt cttattectga aatccgtcac actgagggte
geccaacage gegtcgatca gegtacaatt cttteegtee agaatctggt ggggactatc
gcagatctcet cctgtggage tactttgcac cagcteggtg gecattagtca cctcetatctg
atcgttagta atggttttca caatggtece gttagggacg gecatggtgee ccaagcagag

cgtggetgtt gagttgtecat tgecccggeag tttetgggea aacaccagac acagtatgta

ggacagcgca attatggttt tcat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2064
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<210> SEQ ID NO 64
<211> LENGTH: 2058
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 64
atgaaagtga agctgctggt getgetgtgt acctttaceyg ccacctacge cgataccate 60
tgtatcgget accacgccaa caatagcacce gacaccgtgg ataccgtget ggaaaagaac 120
gtgaccgtga cccacagegt gaacctgetg gaaaacagcec acaacggcaa gcetgtgtetg 180
ctgaaaggca ttgccectet gecagetggga aattgtageg tggecggetyg gattcectggge 240
aatcctgagt gcgagetget gatttccaaa gagtcctggt cctacatcegt ggagaagcce 300
aaccctgaga atggcacctg ctaccctgge cacttegecyg attacgagga actgagagaa 360
cagctgteca gegtgtecag cttcgagaga ttcgagatcet tcecccaaaga gagcagetgg 420
cccaatcata cagtgaccgg cgtgagegece tettgtagece acaatggega gagcagette 480
tacagaaacc tgctgtggct gaccggcaag aacggcctgt accccaacct gagcaagagce 540
tacgccaaca acaaagaaaa agaagtgctg gtectetggg gagtgcacca ccctectaac 600
atcggcatce agaaggccct gtaccacacce gagaatgect acgtgtcegt ggtgtccage 660
cactacagca gaaagttcac ccccgagatce gecaaaagac ccaaagtgeyg ggaccaggaa 720
ggcaggatca actactactg gaccctgetg gaacctggeg acaccatcat cttcgaggec 780
aacggcaatc tgatcgcccce tagatacgece tttgccctga gcagaggett tggcagegge 840
atcatcaaca gcaacgccce catggacaag tgtgacgcca agtgtcagac accacaggga 900
gctatcaata gcagectgee cttecagaat gtgcaccctg tgaccategg cgagtgtect 960
aaatacgtgc ggagcgccaa gectgagaatg gtgaccggece tgaggaatat ccccagcate 1020
cagagcagag gcctgtttgg cgccattgce ggctttateg agggcggatg gacaggcatg 1080
gtggatgggt ggtacggcta ccaccaccag aatgagcagg gatctggcta tgccgccgat 1140
cagaagagca cccagaacgc catcaacggce atcaccaaca aagtgaacag cgtgatcgag 1200
aagatgaaca cccagttcac cgccgtggge aaagagttca acaagctgga acggeggatg 1260
gaaaacctga acaagaaggt ggacgacggc ttcatcgaca tctggaccta caacgccgaa 1320
ctecctggtece tectggaaaa tgagaggacce ctggacttcecce acgacagcaa cgtgaagaac 1380
ctgtacgaga aagtgaagag ccagctgaag aacaacgcca aagagatcgyg caacggcetge 1440
ttcgagttct accacaagtyg caacgacgag tgcatggaaa gcgtgaagaa cggcacctac 1500
gactacccca agtacagcga ggaaagcaag ctgaaccggg agaagatcga ttccggagge 1560
gacatcatca agctgctgaa cgagcaggtg aacaaggaga tgcagagcag caacctgtac 1620
atgagcatga gcagctggtg ctacacccac agcctggacg gcgccggcect gttectgtte 1680
gaccacgceyg ccgaggagta cgagcacgcece aagaagctga tcatcttect gaacgagaac 1740
aacgtgcceg tgcagetgac cagcatcage geccccgage acaagttcega gggectgace 1800
cagatcttee agaaggcecta cgagcacgag cagcacatca gcgagagcat caacaacatce 1860
gtggaccacg ccatcaagag caaggaccac gccaccttca acttcctgca gtggtacgtg 1920
geegagcage acgaggagga ggtgetgttce aaggacatcce tggacaagat cgagetgatce 1980
ggcaacgaga accacggcct gtacctggcece gaccagtacg tgaagggcat cgccaagagce 2040
aggaagagcg gatcctag 2058
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met
1

Ala

Leu
Ala
65

Asn

Ala

Glu

145

Tyr

Leu

Trp

Lys

225

Gly

Ile

Leu

Asp

Ser
305
Lys

Ile

Ile

Lys

Asp

Asp

Leu

50

Pro

Pro

Glu

Asp

Arg

130

Thr

Arg

Ser

Gly

Thr

210

Phe

Arg

Phe

Ser

Lys

290

Leu

Tyr

Pro

Glu

Val

Thr

Thr

35

Glu

Leu

Glu

Lys

Tyr

115

Phe

Gly

Asn

Lys

Val

195

Glu

Thr

Ile

Glu

Arg

275

Cys

Pro

Val

Ser

Gly
355

Lys

Ile

20

Val

Asn

Gln

Cys

Pro

100

Glu

Glu

Val

Leu

Ser

180

His

Asn

Pro

Asn

Ala

260

Gly

Asp

Phe

Arg

Ile
340

Gly

SEQ ID NO 65
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

685

65

Leu

5

Cys

Leu

Ser

Leu

Glu

85

Asn

Glu

Ile

Ser

Leu

165

Tyr

His

Ala

Glu

Tyr

245

Asn

Phe

Ala

Gln

Ser
325

Gln

Trp

Leu

Ile

Glu

His

Gly

Leu

Pro

Leu

Phe

Ala

150

Trp

Ala

Pro

Tyr

Ile

230

Tyr

Gly

Gly

Lys

Asn
310
Ala

Ser

Thr

Synthetic

Val

Gly

Lys

Asn

55

Asn

Leu

Glu

Arg

Pro

135

Ser

Leu

Asn

Pro

Val

215

Ala

Trp

Asn

Ser

Cys

295

Val

Lys

Arg

Gly

Leu

Tyr

Asn

40

Gly

Cys

Ile

Asn

Glu

120

Lys

Cys

Thr

Asn

Asn

200

Ser

Lys

Thr

Leu

Gly

280

Gln

His

Leu

Gly

Met
360

Leu

His

25

Val

Lys

Ser

Ser

Gly

105

Gln

Glu

Ser

Gly

Lys

185

Ile

Val

Arg

Leu

Ile

265

Ile

Thr

Pro

Arg

Leu
345

Val

Cys

10

Ala

Thr

Leu

Val

Lys

90

Thr

Leu

Ser

His

Lys

170

Glu

Gly

Val

Pro

Leu

250

Ala

Ile

Pro

Val

Met
330

Phe

Asp

Thr

Asn

Val

Cys

Ala

75

Glu

Cys

Ser

Ser

Asn

155

Asn

Lys

Ile

Ser

Lys

235

Glu

Pro

Asn

Gln

Thr
315
Val

Gly

Gly

Phe

Asn

Thr

Leu

60

Gly

Ser

Tyr

Ser

Trp

140

Gly

Gly

Glu

Gln

Ser

220

Val

Pro

Arg

Ser

Gly

300

Ile

Thr

Ala

Trp

Thr

Ser

His

45

Leu

Trp

Trp

Pro

Val

125

Pro

Glu

Leu

Val

Lys

205

His

Arg

Gly

Tyr

Asn

285

Ala

Gly

Gly

Ile

Tyr
365

Ala

Thr

30

Ser

Lys

Ile

Ser

Gly

110

Ser

Asn

Ser

Tyr

Leu

190

Ala

Tyr

Asp

Asp

Ala

270

Ala

Ile

Glu

Leu

Ala
350

Gly

Thr

15

Asp

Val

Gly

Leu

Tyr

95

His

Ser

His

Ser

Pro

175

Val

Leu

Ser

Gln

Thr

255

Phe

Pro

Asn

Cys

Arg

335

Gly

Tyr

Tyr

Thr

Asn

Ile

Gly

Ile

Phe

Phe

Thr

Phe

160

Asn

Leu

Tyr

Arg

Glu

240

Ile

Ala

Met

Ser

Pro
320
Asn

Phe

His
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199 200

-continued

His Gln Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Gln Lys Ser Thr
370 375 380

Gln Asn Ala Ile Asn Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu
385 390 395 400

Lys Met Asn Thr Gln Phe Thr Ala Val Gly Lys Glu Phe Asn Lys Leu
405 410 415

Glu Arg Arg Met Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Ile
420 425 430

Asp Ile Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu
435 440 445

Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys
450 455 460

Val Lys Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly Cys
465 470 475 480

Phe Glu Phe Tyr His Lys Cys Asn Asp Glu Cys Met Glu Ser Val Lys
485 490 495

Asn Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ser Lys Leu Asn
500 505 510

Arg Glu Lys Ile Asp Ser Gly Gly Asp Ile Ile Lys Leu Leu Asn Glu
515 520 525

Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser
530 535 540

Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe
545 550 555 560

Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe
565 570 575

Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro
580 585 590

Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu
595 600 605

His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala
610 615 620

Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val
625 630 635 640

Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys
645 650 655

Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln
660 665 670

Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
675 680 685

<210> SEQ ID NO 66

<211> LENGTH: 2058

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 66

ctaggatceg ctettectge tettggegat geccttecacg tactggtegg ccaggtacag 60
geegtggtte tegttgecga tcagetcgat cttgtccagg atgtecttga acageacctce 120
ctecectegtge tgcteggeca cgtaccactyg caggaagttg aaggtggegt ggtcecttget 180

cttgatggeg tggtccacga tgttgttgat getctegetg atgtgetget cgtgetegta 240
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202

-continued
ggecttetygyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt 300
cagctgcacyg ggcacgttgt tctcegttcag gaagatgate agettettgyg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggcegeceg tcecaggcetgt gggtgtagea 420
ccagetgete atgetcatgt acaggttget getctgeate tecttgtteca cctgetegtt 480
cagcagcettg atgatgtcege ctccggaatce gatcttcetece cggttcaget tgctttecte 540
gectgtacttyg gggtagtcegt aggtgecgtt cttcacgett tecatgcact cgtegttgea 600
cttgtggtag aactcgaagce agccgttgec gatctetttyg gegttgttet tcagetgget 660
cttcacttte tcgtacaggt tcttcacgtt getgtegtgyg aagtccaggyg tectctcatt 720
ttccaggagg accaggagtt cggcgttgta ggtccagatyg tcegatgaage cgtcegtcecac 780
cttettgtte aggttttcca tccgeegtte cagettgttyg aactetttge ccacggeggt 840
gaactgggtyg ttcatcttct cgatcacgcet gttcactttyg ttggtgatge cgttgatgge 900
gttetgggtyg ctettetgat cggeggcata gecagatcce tgctcattet ggtggtggta 960
geegtaccac ccatccacca tgcctgtcca tecgeecteg ataaagecgg caatggegec 1020
aaacaggcct ctgctctgga tgctggggat attcctcagg ccggtcacca ttetcagett 1080
ggcgctceege acgtatttag gacactcegece gatggtcaca gggtgcacat tctggaaggg 1140
caggctgcta ttgatagctce cctgtggtgt ctgacacttg gecgtcacact tgtccatggg 1200
ggcgttgetyg ttgatgatgce cgctgccaaa gectcectgcte agggcaaagg cgtatctagg 1260
ggcgatcaga ttgccegttgg cctcgaagat gatggtgteg ccaggttcca gcagggtceca 1320
gtagtagttg atcctgectt cctggteceg cactttgggt cttttggcga tcectegggggt 1380
gaactttctg ctgtagtggce tggacaccac ggacacgtag gcattctecgg tgtggtacag 1440
ggccttetgg atgeccgatgt taggagggtg gtgcactcec cagaggacca gcacttettt 1500
ttetttgttg ttggcgtage tettgctcag gttggggtac aggccgttcet tgccggtcag 1560
ccacagcagg tttctgtaga agctgctcte gccattgtgg ctacaagagg cgctcacgcce 1620
ggtcactgta tgattgggcce agctgctectce tttggggaag atctcgaatc tctcgaaget 1680
ggacacgctg gacagctgtt ctcectcagttce ctcecgtaatceg gcecgaagtggce cagggtagca 1740
ggtgccatte tcagggttgg gcttctecac gatgtaggac caggactctt tggaaatcag 1800
cagctcgcac tcaggattgce ccagaatcca gccggccacg ctacaattte ccagetgcag 1860
aggggcaatg cctttcagca gacacagctt gcegttgtgg ctgttttcca gcaggttcac 1920
gctgtgggte acggtcacgt tcttttecag cacggtatcec acggtgtegg tgctattgtt 1980
ggcgtggtag ccgatacaga tggtatcgge gtaggtggeg gtaaaggtac acagcagcac 2040
cagcagcttc actttcat 2058
<210> SEQ ID NO 67
<211> LENGTH: 2112
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 67
atgaaggcca tcatcgtgct getgatggtg gtcacaagea acgccgatag aatctgtace 60
ggcatcacca gcagcaatag ccctcacgtce gtgaaaacag ctacacaggg cgaagtgaat 120
gtgaccggeyg tgatccctet gaccacaaca cctacaaaga gcecacttege caatctgaag 180
ggcacagaga caagaggcaa gctgtgtccce aagtgectga attgcacaga tctggatgtg 240
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204

-continued
gctetgggea gacctaagtg tacaggcaaa atccctageg ccagagtgtce cattctgeat 300
gaagtgcgac ctgtgaccag cggetgtttt cctattatge acgaccggac caagatcaga 360
cagctgecta atctgetgag aggctacgag cacatcagac tgagcaccca caatgtgate 420
aacgccgaaa atgctectgg cggcccttat aagatcggea catctggcag ctgccccaac 480
attacaaatg gcaatggctt ctttgccacce atggettggyg cegtgcctaa gaacgataag 540
aacaagaccg ccaccaaccce cctgacaatc gaggtgccat atatctgtac agagggcgag 600
gatcagatca ccgtgtgggg atttcacage gacaacgaaa cacagatggce caagctgtac 660
ggcgatagca agcctcagaa gtttaccage tcectgccaatg gegtgaccac acactatgtg 720
tctcagateg geggettecoe taatcagaca gaagatggeg gactgectca gtctggaaga 780
atcgtggtgg attacatggt gcagaagtct ggcaagaccyg gcaccatcac atatcagaga 840
ggaatcctyge tgccccagaa agtgtggtge gettcetggaa gatccaaagt gatcaaggge 900
agcctgecte tgattggaga agccgattgt ctgcacgaga aatacggegyg cctgaacaag 960
agcaagcctt actatacagg cgagcacgcce aaggccatcg gcaattgtcece tatttgggtce 1020
aagaccccte tgaagetgge caatggcaca aagtatagac ctcecagccaa gctgctgaaa 1080
gagagaggct tttttggagc tatcgccgge tttcectggaag gcecggatggga gggaatgatt 1140
gctggatgge atggctacac atctcatgge gcacatggeg tggcagtggce tgctgatcetg 1200
aaatctacac aggaagccat caacaagatc accaagaacc tgaacagcct gagcgagcetg 1260
gaagtgaaga atctgcagag actgtctggc gccatggacg aactgcacaa tgagatcctg 1320
gaactggacyg agaaggtgga cgatctgaga gccgatacaa tcagcagcca gattgaactg 1380
gctgtgectge tgtctaacga gggcatcatc aatagcgagg acgaacatct gctggcectg 1440
gaaagaaagc tgaagaagat gctgggacct agcgccgtgg aaatcggcaa tggatgettt 1500
gagacaaagc acaagtgcaa ccagacctgc ctggatagaa ttgccgccgg aacatttgat 1560
gccggcgagt tttetectgcee caccttegat agectgaata tcacatccgg aggcgacatce 1620
atcaagctge tgaacgagca ggtgaacaag gagatgcaga gcagcaacct gtacatgage 1680
atgagcagct ggtgctacac ccacagcctg gacggcgecg gectgttect gttecgaccac 1740
geegecgagyg agtacgagca cgccaagaag ctgatcatct tectgaacga gaacaacgtg 1800
ccegtgecage tgaccagcat cagcgecccece gagcacaagt tcegagggect gacccagate 1860
ttccagaagg cctacgagca cgagcagcac atcagcgaga gcatcaacaa catcgtggac 1920
cacgccatca agagcaagga ccacgccacce ttcaacttee tgcagtggta cgtggecgag 1980
cagcacgagg aggaggtgct gttcaaggac atcctggaca agatcgaget gatcggcaac 2040
gagaaccacyg gcctgtacct ggccgaccag tacgtgaagg gcatcgcecaa gagcaggaag 2100
agcggatcect ag 2112

<210> SEQ ID NO 68
<211> LENGTH: 703

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 68

Synthetic

Met Lys Ala Ile Ile Val Leu Leu Met Val Val Thr Ser Asn Ala Asp

1

5

10

15

Arg Ile Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val Lys
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205

-continued

206

Thr

Thr

Arg

65

Ala

Ser

Met

Tyr

Ala

145

Ile

Lys

Pro

Pro

225

Ser

Gln

Thr

Trp

Ile

305

Ser

Pro

Arg

Ala

Gly
385
Lys

Leu

Asp

Ala

Thr

50

Gly

Leu

Ile

His

Glu

130

Pro

Thr

Asn

Tyr

Ser

210

Gln

Gln

Ser

Gly

Cys

290

Gly

Lys

Ile

Pro

Gly

370

Tyr

Ser

Ser

Glu

Thr

35

Pro

Lys

Gly

Leu

Asp

115

His

Gly

Asn

Asp

Ile

195

Asp

Lys

Ile

Gly

Thr

275

Ala

Glu

Pro

Trp

Pro

355

Phe

Thr

Thr

Glu

Leu
435

20

Gln

Thr

Leu

Arg

His

100

Arg

Ile

Gly

Gly

Lys

180

Cys

Asn

Phe

Gly

Arg

260

Ile

Ser

Ala

Tyr

Val

340

Ala

Leu

Ser

Gln

Leu
420

His

Gly

Lys

Cys

Pro

85

Glu

Thr

Arg

Pro

Asn

165

Asn

Thr

Glu

Thr

Gly

245

Ile

Thr

Gly

Asp

Tyr

325

Lys

Lys

Glu

His

Glu
405

Glu

Asn

Glu

Ser

Pro

70

Lys

Val

Lys

Leu

Tyr

150

Gly

Lys

Glu

Thr

Ser

230

Phe

Val

Tyr

Arg

Cys

310

Thr

Thr

Leu

Gly

Gly

390

Ala

Val

Glu

25 30

Val Asn Val Thr Gly Val Ile Pro Leu
40 45

His Phe Ala Asn Leu Lys Gly Thr Glu
55 60

Lys Cys Leu Asn Cys Thr Asp Leu Asp
75

Cys Thr Gly Lys Ile Pro Ser Ala Arg
90 95

Arg Pro Val Thr Ser Gly Cys Phe Pro
105 110

Ile Arg Gln Leu Pro Asn Leu Leu Arg
120 125

Ser Thr His Asn Val Ile Asn Ala Glu
135 140

Lys Ile Gly Thr Ser Gly Ser Cys Pro
155

Phe Phe Ala Thr Met Ala Trp Ala Val
170 175

Thr Ala Thr Asn Pro Leu Thr Ile Glu
185 190

Gly Glu Asp Gln Ile Thr Val Trp Gly
200 205

Gln Met Ala Lys Leu Tyr Gly Asp Ser
215 220

Ser Ala Asn Gly Val Thr Thr His Tyr
235

Pro Asn Gln Thr Glu Asp Gly Gly Leu
250 255

Val Asp Tyr Met Val Gln Lys Ser Gly
265 270

Gln Arg Gly Ile Leu Leu Pro Gln Lys
280 285

Ser Lys Val Ile Lys Gly Ser Leu Pro
295 300

Leu His Glu Lys Tyr Gly Gly Leu Asn
315

Gly Glu His Ala Lys Ala Ile Gly Asn
330 335

Pro Leu Lys Leu Ala Asn Gly Thr Lys
345 350

Leu Lys Glu Arg Gly Phe Phe Gly Ala
360 365

Gly Trp Glu Gly Met Ile Ala Gly Trp
375 380

Ala His Gly Val Ala Val Ala Ala Asp
395

Ile Asn Lys Ile Thr Lys Asn Leu Asn
410 415

Lys Asn Leu Gln Arg Leu Ser Gly Ala
425 430

Ile Leu Glu Leu Asp Glu Lys Val Asp
440 445

Thr

Thr

Val

80

Val

Ile

Gly

Asn

Asn

160

Pro

Val

Phe

Lys

Val

240

Pro

Lys

Val

Leu

Lys

320

Cys

Tyr

Ile

His

Leu
400
Ser

Met

Asp
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-continued

Leu Arg Ala Asp Thr Ile Ser Ser Gln Ile Glu Leu Ala Val Leu Leu
450 455 460

Ser Asn Glu Gly Ile Ile Asn Ser Glu Asp Glu His Leu Leu Ala Leu
465 470 475 480

Glu Arg Lys Leu Lys Lys Met Leu Gly Pro Ser Ala Val Glu Ile Gly
485 490 495

Asn Gly Cys Phe Glu Thr Lys His Lys Cys Asn Gln Thr Cys Leu Asp
500 505 510

Arg Ile Ala Ala Gly Thr Phe Asp Ala Gly Glu Phe Ser Leu Pro Thr
515 520 525

Phe Asp Ser Leu Asn Ile Thr Ser Gly Gly Asp Ile Ile Lys Leu Leu
530 535 540

Asn Glu Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser
545 550 555 560

Met Ser Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe
565 570 575

Leu Phe Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile
580 585 590

Ile Phe Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser
595 600 605

Ala Pro Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala
610 615 620

Tyr Glu His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp
625 630 635 640

His Ala Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp
645 650 655

Tyr Val Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu
660 665 670

Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala
675 680 685

Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
690 695 700

<210> SEQ ID NO 69

<211> LENGTH: 2112

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 69

ctaggatceg ctettectge tettggegat geccttecacg tactggtegg ccaggtacag 60
geegtggtte tegttgecga tcagetcgat cttgtccagg atgtecttga acageacctce 120
ctecectegtge tgcteggeca cgtaccactyg caggaagttg aaggtggegt ggtcecttget 180
cttgatggeg tggtccacga tgttgttgat getctegetg atgtgetget cgtgetegta 240
ggccttetgyg aagatctggg tcaggeccte gaacttgtge tegggggege tgatgetggt 300
cagctgcacyg ggcacgttgt tcetegttecag gaagatgatce agettettgg cgtgetegta 360
ctecteggeg gegtggtega acaggaacag gecggegeeg tecaggetgt gggtgtagea 420
ccagctgete atgctcatgt acaggttget getctgeate tecttgttca cctgetegtt 480
cagcagcettyg atgatgtege ctecggatgt gatattcagg ctatcgaagg tgggcagaga 540

aaactcgecg gcatcaaatg tteceggegge aattctatec aggecaggtcet ggttgcactt 600
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210

-continued
gtgetttgte tcaaagcatc cattgccgat ttccacggeg ctaggtccca geatcttett 660
cagctttett tccagggcca gcagatgtte gtectegeta ttgatgatge cctegttaga 720
cagcagcaca gccagttcaa tctggetget gattgtateg getctcagat cgtccacctt 780
ctegtecagt tccaggatct cattgtgecag ttegtcecatg gegecagaca gtctcetgcag 840
attcttcact tccagctege tcaggctgtt caggttettg gtgatcttgt tgatggctte 900
ctgtgtagat ttcagatcag cagccactgce cacgccatgt gegecatgag atgtgtagece 960
atgccatcca gcaatcattce cctcecccatce gecttceccaga aagccggcga tagctccaaa 1020
aaagcctete tetttcagca gettggetgg aggtctatac tttgtgccat tggccagett 1080
cagaggggtc ttgacccaaa taggacaatt gccgatggcce ttggcgtgct cgcctgtata 1140
gtaaggcttg ctecttgttca ggccgccegta tttctegtge agacaatcgg cttetccaat 1200
cagaggcagg ctgcccttga tcactttgga tcttccagaa gcgcaccaca ctttcetgggg 1260
cagcaggatt cctctctgat atgtgatggt gccggtettg ccagacttcet gcaccatgta 1320
atccaccacg attcttccag actgaggcag tccgccatcect tcectgtctgat tagggaagcece 1380
gccgatctga gacacatagt gtgtggtcac geccattggca gagctggtaa acttctgagg 1440
cttgctatcg cecgtacaget tggccatctg tgtttegttg tecgctgtgaa atccccacac 1500
ggtgatctga tcctcegecct ctgtacagat atatggcacce tcgattgtca gggggttggt 1560
ggcggtcttyg ttecttatcgt tcecttaggcac ggcccaagec atggtggcaa agaagccatt 1620
gccatttgta atgttggggce agctgccaga tgtgccgatce ttataagggc cgccaggagce 1680
attttcggeg ttgatcacat tgtgggtgct cagtctgatg tgctcgtage ctctcagcag 1740
attaggcagc tgtctgatct tggtccggtce gtgcataata ggaaaacagc cgctggtcac 1800
aggtcgcact tcatgcagaa tggacactct ggcgctaggg attttgcecctg tacacttagg 1860
tctgceccaga geccacatcca gatctgtgca attcaggcac ttgggacaca gcttgcectcet 1920
tgtctetgtg cecttcagat tggcgaagtg gctetttgta ggtgttgtgg tcagagggat 1980
cacgcceggte acattcactt cgccctgtgt agetgttttce acgacgtgag ggctattgcet 2040
gctggtgatg ccggtacaga ttctatcecgge gttgecttgtg accaccatca gcagcacgat 2100
gatggcctte at 2112
<210> SEQ ID NO 70
<211> LENGTH: 837
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 70
atgaaggcca agctgetggt getgetgtge acctttaceyg ccacctacge cgacaccate 60
tgcattggcet accacgccaa caacagcacce gacaccgtgg ataccgtget ggaaaagaac 120
gtgaccgtga cccacagegt gaacctggga tccggactga gaatggtcac cggectgaga 180
aacatcccca gcatccagag cagaggectg tttggageca ttgecggett tattgaggge 240
ggatggaccyg gaatggtgga tgggtggtac ggctaccacc accagaatga gcagggctet 300
ggctatgeeyg ccgatcagaa gtctacccag aacgccatca acggcatcac caacaaagtg 360
aacagcgtga tcgagaagat gggcggegat cctgaatggg acagagagat caacaactac 420
accagcatca tctacagcct gatcgaggaa agccagaacce agcaggaaaa cggcacaggce 480
ggcggatctyg gaattgtgca gcagcagaac aacctgctga gagccattga ggceccagcag 540
catctgetge agctgacagt gtggggcatce aagcagetge agacctacaa tgccgagcetg 600
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212

ctggtectee

tacgagaaag

gagttctace

taccccaagt

tggaaaacga

tgaagtccca

acaagtgcaa

acagcgagga

<210> SEQ ID NO 71

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ala

Leu

Ile

65

Gly

Glu

Ile

Gly

Tyr

145

Gly

Glu

Leu

Thr

Lys

225

Glu

Gly

Glu

<210>
<211>
<212>
<213>

<400>

Lys

Asp

Asp

Gly

50

Gln

Trp

Gln

Asn

Asp

130

Ser

Gly

Ala

Gln

Leu

210

Ser

Phe

Thr

Lys

Ala

Thr

Thr

35

Ser

Ser

Thr

Gly

Gly

115

Pro

Leu

Ser

Gln

Thr

195

Asp

Gln

Tyr

Tyr

Ile
275

Lys

Ile

20

Val

Gly

Arg

Gly

Ser

100

Ile

Glu

Ile

Gly

Gln

180

Tyr

Phe

Leu

His

Asp

260

Asp

SEQUENCE :

279

gagaaccctyg

gctgaagaac

caacgagtge

aagcaagctg

Influenza virus

71

Leu

Cys

Leu

Leu

Gly

Met

85

Gly

Thr

Trp

Glu

Ile

165

His

Asn

His

Lys

Lys

245

Tyr

Ser

SEQ ID NO 72
LENGTH:
TYPE: DNA
ORGANISM:

837

Leu

Ile

Glu

Arg

Leu

70

Val

Tyr

Asn

Asp

Glu

150

Val

Leu

Ala

Asp

Asn

230

Cys

Pro

Gly

Val

Gly

Lys

Met

55

Phe

Asp

Ala

Lys

Arg

135

Ser

Gln

Leu

Glu

Ser

215

Asn

Asn

Lys

Gly

Leu

Tyr

Asn

40

Val

Gly

Gly

Ala

Val

120

Glu

Gln

Gln

Gln

Leu

200

Asn

Ala

Asn

Tyr

Influenza virus

72

gacttccacy

aacgccaaag

atggaaagcg

aacagagaga

Leu

His

25

Val

Thr

Ala

Trp

Asp

105

Asn

Ile

Asn

Gln

Leu

185

Leu

Val

Lys

Glu

Ser
265

Cys

10

Ala

Thr

Gly

Ile

Tyr

90

Gln

Ser

Asn

Gln

Asn

170

Thr

Val

Lys

Glu

Cys

250

Glu

Thr

Asn

Val

Leu

Ala

75

Gly

Lys

Val

Asn

Gln

155

Asn

Val

Leu

Asn

Ile

235

Met

Glu

acagcaacgt gaagaacctg

agatcggcaa cggctgette

tgaagaacgg cacctacgac

agatcgacte cggaggce

Phe

Asn

Thr

Arg

60

Gly

Tyr

Ser

Ile

Tyr

140

Glu

Leu

Trp

Leu

Leu

220

Gly

Glu

Ser

Thr

Ser

His

Asn

Phe

His

Thr

Glu

125

Thr

Asn

Leu

Gly

Glu

205

Tyr

Asn

Ser

Lys

Ala

Thr

30

Ser

Ile

Ile

His

Gln

110

Lys

Ser

Gly

Arg

Ile

190

Asn

Glu

Gly

Val

Leu
270

Thr

15

Asp

Val

Pro

Glu

Gln

95

Asn

Met

Ile

Thr

Ala

175

Lys

Glu

Lys

Cys

Lys

255

Asn

Tyr

Thr

Asn

Ser

Gly

80

Asn

Ala

Gly

Ile

Gly

160

Ile

Gln

Arg

Val

Phe

240

Asn

Arg

660

720

780

837
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214

gecteeggag tegatcttet
gtaggtgcceg ttettcacge
gcagcegttyg ccgatctett
gttcttcacyg ttgctgtegt
ctcggeattyg taggtetgea
ctgggectca atggetcetca
tgtgcegttt tecctgetggt
gttgttgatc tctetgtece
tttgttggty atgcegttga
gecctgetea ttetggtggt
ctcaataaag ccggcaatgg
caggceggty accattctca
cttttecage acggtatcca
ggtgtcggeg taggtggegg
<210> SEQ ID NO 73

<211> LENGTH: 828
<212> TYPE: DNA

ctctgtteag

tttccatgea

tggegttgtt

ggaagtccag

getgettgat

gcaggttgtt

tetggettte

attcaggatc

tggcgttetyg

ggtagccgta

ctccaaacag

gtceggatee

cggtgtcggt

taaaggtgca

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 73

atgaaggcta tcctggtggt

tgtattggcet accacgccaa

gtgaccgtga cccacagegt

aacatcccca gcattcagag

ggatggaccg gaatggtgga

ggctatgeeg ccgacctgaa

aacagcgtga tcgagaagat

accagcatca tctacagect

ggcggatcetyg gaattgtgcea

catctgetge agctgacagt

ctggtgetge tcgagaatga

tacgagaaag tgcggagcca

gagttctace acaagtgcga

taccccaagt acagcgagga

<210> SEQ ID NO 74

<211> LENGTH: 276
<212> TYPE: PRT

getgetgtac

caacagcacc

gaacctggge

cagaggectyg

tgggtggtac

gtctacccag

gggcggetgg

gatcgaggaa

gcagcagaac

gtggggcatc

gagaaccctyg

gctgaagaac

caatacctge

agccaagetyg

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 74

Met Lys Ala Ile Leu Val Val Leu

1 5

Ala Asp Thr Leu Cys Ile Gly Tyr

20

Val Asp Thr Val Leu Glu Lys Asn

cttgctttee tegetgtact tggggtagte
ctcegttgttyg cacttgtggt agaactcgaa
cttcagetgg gacttcactt tctegtacag
ggttcteteg ttttecagga ggaccagcag
gecccacact gtcagcetgea gcagatgetg
ctgectgetge acaattccag atcegecgec
ctcgatcagg ctgtagatga tgetggtgta
gecgeccate ttetegatca cgctgtteac
ggtagacttc tgatcggegg catagccaga
ccacccatce accatteegg tccatcegec
gectetgete tggatgetgg ggatgtttet
caggttcacg ctgtgggtca cggtcacgtt
getgttgttyg gegtggtage caatgcagat

cagcagcacc agcagcettgg cctteat

acctttgeca ccgecaatge cgacacectg
gacaccgtgg ataccgtget ggaaaagaac
tceggectga gactggecac cggectgaga
tttggagcca ttgceggett tattgaggge
ggctaccace accagaatga gcagggctcet
aacgccatcg acgagatcac caacaaagtg
gacccatggg acagagagat caacaactac
agccagaacce agcaggaaaa cggcacaggce
aacctgctga gagccattga ggeccageag
aagcagctge agacctacaa cgecgagetg
gactaccacg acagcaacgt gaagaacctg
aacgccaaag agatcggcaa cggctgette
atggaaagcg tgaagaacgg cacctacgac

aaccgggaag agatcgat

Leu Tyr Thr Phe Ala Thr Ala Asn
10 15

His Ala Asn Asn Ser Thr Asp Thr
25 30

Val Thr Val Thr His Ser Val Asn

60

120

180

240

300

360

420

480

540

600

660

720

780

837

60

120

180

240

300

360

420

480

540

600

660

720

780

828
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35 40 45

Leu Gly Ser Gly Leu Arg Leu Ala Thr Gly Leu Arg Asn Ile Pro Ser
50 55 60

Ile Gln Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly
65 70 75 80

Gly Trp Thr Gly Met Val Asp Gly Trp Tyr Gly Tyr His His Gln Asn
85 90 95

Glu Gln Gly Ser Gly Tyr Ala Ala Asp Leu Lys Ser Thr Gln Asn Ala
100 105 110

Ile Asp Glu Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys Met Gly
115 120 125

Gly Trp Asp Pro Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Ile Ile
130 135 140

Tyr Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Asn Gly Thr Gly
145 150 155 160

Gly Gly Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile
165 170 175

Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln
180 185 190

Leu Gln Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg
195 200 205

Thr Leu Asp Tyr His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val
210 215 220

Arg Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly Cys Phe
225 230 235 240

Glu Phe Tyr His Lys Cys Asp Asn Thr Cys Met Glu Ser Val Lys Asn
245 250 255

Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ala Lys Leu Asn Arg
260 265 270

Glu Glu Ile Asp
275

<210> SEQ ID NO 75

<211> LENGTH: 828

<212> TYPE: DNA

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 75

atcgatctet tcceggttca gettggette ctegetgtac ttggggtagt cgtaggtgece 60
gttettcacyg ctttecatge aggtattgtce gecacttgtgg tagaactcga agcagccgtt 120
geegatcetet ttggegttgt tcettcagetg getcecgeact ttetcegtaca ggttetteac 180
gttgctgteg tggtagtcca gggttctete attctegage agcaccagca gctcggegtt 240
gtaggtctge agetgcttga tgccccacac tgtcagetge agcagatget getgggecte 300
aatggctcte agcaggttgt tctgctgetg cacaattcca gatccgecge ctgtgeegtt 360
ttectgetgg ttectggettt cctecgatcag gctgtagatg atgctggtgt agttgttgat 420
ctetetgtee catgggtece ageccgeccat cttetegate acgetgttceca ctttgttggt 480
gatctegteg atggegttcet gggtagactt caggteggeg geatagcecag agecctgete 540
attctggtgg tggtagcegt accacccatce caccattceeg gtcecatcege cctcaataaa 600
geeggcaatyg gctccaaaca ggcectetget ctgaatgetyg gggatgttte tcaggcceggt 660

ggccagtete aggccggage ccaggttcac getgtgggte acggtcacgt tettttecag 720
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cacggtatce acggtgtegg tgctgttgtt ggegtggtag ccaatacaca gggtgtegge 780
attggeggty gcaaaggtgt acagcagcac caccaggata gectteat 828
<210> SEQ ID NO 76
<211> LENGTH: 822
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 76
atggccatca tctacctgat tectgetgttt acagcegtea gaggcgatca gatctgtatt 60
ggctaccacyg ccaacaatag caccgagaaa gtggatacca tcctggaaag aaatgtgaca 120
gtgacacacyg ccaaggatat tggatcagga ctggtgetgg ctacaggact gagaaatgty 180
cctcagattyg agagcagagg cctgtttgga gecattgetyg getttattga aggeggatgg 240
cagggaatga ttgatgggtg gtacggctac caccactcta atgatcaggyg atctggatat 300
geegecgaca aagaatctac acagaaagcec ttcgacggca tcaccaacaa agtgaatage 360
gtgatcgaga agatgggegyg agatcccgaa tgggacagag agatcaacaa ctacaccage 420
atcatctaca gectgatcga ggaaagecag aatcagcagg aaaatggaac aggeggagga 480
tectggaattyg tgcagcagca gaacaatctyg ctgagagcta ttgaagctca gcageatcetg 540
ctgaatctga cagtgtgggg aatcaaacag ctgcagacat acaatgctga getgetggtyg 600
ctgatggaaa atgagagaac cctggacttce cacgacagca atgtgaagaa cctgtacgac 660
aaagtgcgga tgcagetgag agacaatgtyg aaagaactgg gcaatggetyg cttegagtte 720
taccacaagt gcgacgatga gtgtatgaac agecgtgaaga acggcaccta cgactaccct 780
aagtacgagg aagagagcaa gctgaacaga aatgagatca ag 822

<210> SEQ ID NO 77

<211> LENGTH: 274

<212> TYPE: PRT

<213> ORGANISM: Influenza virus
<400> SEQUENCE: 77

Met Ala Ile Ile Tyr Leu Ile Leu Leu Phe Thr Ala Val Arg Gly Asp
1 5 10 15

Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Lys Val Asp
20 25 30

Thr Ile Leu Glu Arg Asn Val Thr Val Thr His Ala Lys Asp Ile Gly
35 40 45

Ser Gly Leu Val Leu Ala Thr Gly Leu Arg Asn Val Pro Gln Ile Glu

Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp
65 70 75 80

Gln Gly Met Ile Asp Gly Trp Tyr Gly Tyr His His Ser Asn Asp Gln
85 90 95

Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr Gln Lys Ala Phe Asp
100 105 110

Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys Met Gly Gly Asp
115 120 125

Pro Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Ile Ile Tyr Ser
130 135 140

Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Asn Gly Thr Gly Gly Gly
145 150 155 160

Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile Glu Ala
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165 170 175

Gln Gln His Leu Leu Asn Leu Thr Val Trp Gly Ile Lys Gln Leu Gln
180 185 190
Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu Asn Glu Arg Thr Leu
195 200 205
Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Asp Lys Val Arg Met
210 215 220

Gln Leu Arg Asp Asn Val Lys Glu Leu Gly Asn Gly Cys Phe Glu Phe
225 230 235 240
Tyr His Lys Cys Asp Asp Glu Cys Met Asn Ser Val Lys Asn Gly Thr

245 250 255
Tyr Asp Tyr Pro Lys Tyr Glu Glu Glu Ser Lys Leu Asn Arg Asn Glu

260 265 270

Ile Lys
<210> SEQ ID NO 78
<211> LENGTH: 822
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 78
cttgatctca tttetgttca gettgetete ttectegtac ttagggtagt cgtaggtgece 60
gttettcacyg ctgttcatac actcatcgtce gecacttgtgg tagaactcga agcagccatt 120
geecagttet ttcacattgt ctctcagetg catccgeact ttgtcegtaca ggttetteac 180
attgctgteg tggaagtcca gggttctete attttcecate agcaccagca gctcagcatt 240
gtatgtctge agetgtttga ttceccacac tgtcagattce agcagatget getgagette 300
aatagctcte agcagattgt tctgctgetg cacaattcca gatcctcege ctgttcecatt 360
ttectgetga ttcectggcettt cctecgatcag gctgtagatg atgctggtgt agttgttgat 420
ctetetgtee cattegggat ctccgeccat cttetcegate acgectattca ctttgttggt 480
gatgccegteg aaggctttet gtgtagatte tttgteggeyg geatatccag atccctgatce 540
attagagtgg tggtagccgt accacccatc aatcattcce tgccatccege cttcaataaa 600
gccagcaatyg gctccaaaca ggcectetget ctcaatctga ggcacatttce tcagtcctgt 660
agccagcace agtcctgatc caatatcctt ggegtgtgte actgtcacat ttctttecag 720
gatggtatce actttctcegg tgctattgtt ggcegtggtag ccaatacaga tctgatcgece 780
tctgacggcet gtaaacagca gaatcaggta gatgatggcce at 822
<210> SEQ ID NO 79
<211> LENGTH: 858
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 79
atgaagacca tcatcgccct gagctacate ttetgectgg cectgggeca ggacctgece 60
ggcaacgaca acagcaccgce caccctgtge ctgggecace acgccgtgec caacggcacce 120
ctggtgaaga ccatcaccga cgaccagatc gaggtgacca acgccaccga gctgggetcee 180
ggectgaage tggecaccgg catgeggaac gtgcccgaga agcagaccceg gggectgtte 240
ggegecateyg ceggettcat cgagaacgge tgggagggca tgatcgacgg ctggtacgge 300
ttececggecace agaacagcga gggcaccgge caggecgecg acctgaagag cacccaggcece 360
gecatcgace agatcaacgg caagctgaac cgggtgatceyg agaagaccgg cggcgatccce 420
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gagtgggacc gggagatcaa caactacacc agcatcatct acagcctgat cgaggagagce 480
cagaaccagc aggagaacgg caccggegge ggcagceggcea tcegtgcagca gcagaacaac 540
ctgetgeggg ccatcgagge ccagcagcac ctgetgcage tgaccgtgtyg gggcatcaag 600
cagctgcaga gctacaacgce cgagctgetg gtggecctgyg agaaccagca caccatcgac 660
ctgaccgaca gcgagatgaa caagctgttc gagaagacce ggcggcaget gcgggagaac 720
geecgaggaca tgggcaacgg ctgcttcaag atctaccaca agtgcgacaa cgectgcatce 780
gagagcatce ggaacggcac ctacgaccac gacgtgtacce gggacgaggce cctgaacaac 840
cggttccaga tcaagggce 858

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 80
H: 286
PRT

ISM: Influenza virus

<400> SEQUENCE: 80

Met Lys Thr
1

Gln Asp Leu
His His Ala

35
Gln Ile Glu
Ala Thr Gly
65

Gly Ala Ile

Gly Trp Tyr

Ala Asp Leu

115

Leu Asn Arg
130

Glu Ile Asn
145

Gln Asn Gln

Gln Gln Asn

Gln Leu Thr
195

Leu Leu Val
210

Glu Met Asn
225

Ala Glu Asp

Asn Ala Cys

Tyr Arg Asp
275

Ile Ile Ala Leu Ser

Pro Gly Asn Asp Asn

20

Val Pro Asn Gly Thr

40

Val Thr Asn Ala Thr

55

Met Arg Asn Val Pro

70

Ala Gly Phe Ile Glu

85

Gly Phe Arg His Gln

100

Lys Ser Thr Gln Ala

120

Val Ile Glu Lys Thr

135

Asn Tyr Thr Ser Ile
150

Gln Glu Asn Gly Thr

165

Asn Leu Leu Arg Ala

180

Val Trp Gly Ile Lys

200

Ala Leu Glu Asn Gln

215

Lys Leu Phe Glu Lys
230

Met Gly Asn Gly Cys

245

Ile Glu Ser Ile Arg

260

Glu Ala Leu Asn Asn

280

Tyr

Ser

25

Leu

Glu

Glu

Asn

Asn

105

Ala

Gly

Ile

Gly

Ile

185

Gln

His

Thr

Phe

Asn
265

Arg

Ile

10

Thr

Val

Leu

Lys

Gly

90

Ser

Ile

Gly

Tyr

Gly

170

Glu

Leu

Thr

Arg

Lys

250

Gly

Phe

Phe

Ala

Lys

Gly

Gln

75

Trp

Glu

Asp

Asp

Ser

155

Gly

Ala

Gln

Ile

Arg

235

Ile

Thr

Gln

Cys Leu Ala
Thr Leu Cys
30

Thr Ile Thr
45

Ser Gly Leu

Thr Arg Gly

Glu Gly Met

Gly Thr Gly
110

Gln Ile Asn
125

Pro Glu Trp
140

Leu Ile Glu

Ser Gly Ile

Gln Gln His
190

Ser Tyr Asn
205

Asp Leu Thr
220

Gln Leu Arg

Tyr His Lys

Tyr Asp His
270

Ile Lys Gly
285

Leu Gly
15

Leu Gly

Asp Asp

Lys Leu

Leu Phe
80

Ile Asp
95

Gln Ala

Gly Lys

Asp Arg

Glu Ser
160

Val Gln
175

Leu Leu

Ala Glu

Asp Ser

Glu Asn
240

Cys Asp
255

Asp Val
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<210> SEQ ID NO 81
<211> LENGTH: 858
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 81
geecttgate tggaaccggt tgttcaggge ctegteccgg tacacgtegt ggtcegtaggt 60
geegtteegyg atgetcectcega tgcaggegtt gtegcacttyg tggtagatcet tgaagcagec 120
gttgcccatyg tecteggegt tcteccgecag ctgccgecgg gtettetega acagettgtt 180
catctegetyg tceggtcaggt cgatggtgtg ctggttcetec agggccacca gcagetcgge 240
gttgtagcete tgcagetget tgatgeccca cacggtcage tgcagcaggt getgetggge 300
ctegatggee cgcagcaggt tgttctgetg ctgcacgatyg cegetgecege cgecggtgece 360
gttctecctge tggttectgge tctectegat caggctgtag atgatgectgg tgtagttgtt 420
gatctceegy teccactegg gatcgecgee ggtcetteteg atcacceggt tcagettgece 480
gttgatctgyg tcgatggegg cctgggtgcet cttcaggteyg geggectgge cggtgcccte 540
getgttetgyg tgccggaage cgtaccagcece gtcgatcatg cectcccage cgttetcgat 600
gaagccggeyg atggcgcecga acaggeccceg ggtcetgette tegggcacgt tecgeatgece 660
ggtggccage ttcaggccgg agcccagetce ggtggegttyg gtcacctega tetggtegte 720

ggtgatggte ttcaccaggg tgcegttggg cacggegtgg tggcccaggce acagggtgge 780
ggtgetgttyg tegttgccgyg gcaggtectg geccagggee aggcagaaga tgtagctcag 840
ggcgatgatg gtcttcat 858
<210> SEQ ID NO 82

<211> LENGTH: 867

<212> TYPE: DNA

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 82

atgaaaacca tcattgccct gagctacate ctgtgectgg tgttcacaca gaagcetgecce 60
ggcaacgata atagcaccgce cacactgtgt ctgggacacc acgccgtgec taatggecacc 120
atcgtgaaaa caatcaccaa cgaccagatce gaagtgacca atgeccacaga getgggetcece 180
ggcctgaage tggccaccgg catgagaaat gtgcccgaga agcagaccag aggcatcettt 240

ggcgcecattyg ccggetttat cgagaatgge tgggagggaa tggtggatgyg gtggtacgge 300

ttcagacacc agaatagcga gggaattgga caggccgecg atctgaaatc tacccaggcece 360
gecatcgace agatcaacgg caagctgaac aggctgatcg gcaagaccgg cggcgatccce 420
gagtgggacc gggagatcaa caactacacc agcatcatct acagcctgat cgaggagagce 480
cagaaccagc aggagaacgg caccggegge ggcagceggcea tcegtgcagca gcagaacaac 540
ctgetgeggg ccatcgagge ccagcagcac ctgetgcage tgaccgtgtyg gggcatcaag 600
cagctgcaga gctacaatgce cgaactgetg gtegecctgyg aaaaccagca cacaattgat 660
ctgacagaca gtgagatgaa taagctgttc gagaaaacca agaagcagct gagagaaaac 720
geecgaggaca tgggcaacgg ctgcttcaag atctaccaca agtgcgacaa cgectgcatce 780
ggcagcatca gaaacggcac ctacgaccac gacgtgtaca gagatgaggc cctgaacaac 840
cggtttcaga tcaagggctc cggaggce 867

<210> SEQ ID NO 83
<211> LENGTH: 289
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<212> TYPE:
<213> ORGAN

PRT

ISM: Influenza virus

<400> SEQUENCE: 83

Met Lys Thr
1

Gln Lys Leu

His His Ala

Gln Ile Glu

50

Ala Thr Gly
65

Gly Ala Ile

Gly Trp Tyr

Ala Asp Leu

115

Leu Asn Arg
130

Glu Ile Asn
145

Gln Asn Gln

Gln Gln Asn

Gln Leu Thr

195

Leu Leu Val
210

Glu Met Asn
225

Ala Glu Asp

Asn Ala Cys

Tyr Arg Asp
275

Gly

<210> SEQ I

<211> LENGT.

<212> TYPE:
<213> ORGAN

Ile Ile Ala Leu Ser

Pro Gly Asn Asp Asn

20

Val Pro Asn Gly Thr

40

Val Thr Asn Ala Thr

55

Met Arg Asn Val Pro

70

Ala Gly Phe Ile Glu

85

Gly Phe Arg His Gln

100

Lys Ser Thr Gln Ala

120

Leu Ile Gly Lys Thr

135

Asn Tyr Thr Ser Ile
150

Gln Glu Asn Gly Thr

165

Asn Leu Leu Arg Ala

180

Val Trp Gly Ile Lys

200

Ala Leu Glu Asn Gln

215

Lys Leu Phe Glu Lys
230

Met Gly Asn Gly Cys

245

Ile Gly Ser Ile Arg

260

Glu Ala Leu Asn Asn

D NO 84
H: 867
DNA

280

ISM: Influenza virus

<400> SEQUENCE: 84

gecteeggag

gtcgtaggtg

gaagcagccg

cagcttatte

cagtteggea

cccttgatet

cegtttetga

ttgcccatgt

atctcactgt

ttgtagetet

gaaaccggtt

tgctgecgat

ccteggegtt

ctgtcagatce

gcagctgett

Tyr

Ser

25

Ile

Glu

Glu

Asn

Asn

105

Ala

Gly

Ile

Gly

Ile

185

Gln

His

Thr

Phe

Asn

265

Arg

Ile

10

Thr

Val

Leu

Lys

Gly

90

Ser

Ile

Gly

Tyr

Gly

170

Glu

Leu

Thr

Lys

Lys

250

Gly

Phe

Leu

Ala

Lys

Gly

Gln

75

Trp

Glu

Asp

Asp

Ser

155

Gly

Ala

Gln

Ile

Lys

235

Ile

Thr

Gln

gttcagggce

gcaggcgttg

ttctectecage

aattgtgtge

gatgccccac

Cys Leu Val Phe Thr
15

Thr Leu Cys Leu Gly
30

Thr Ile Thr Asn Asp
Ser Gly Leu Lys Leu
60

Thr Arg Gly Ile Phe
80

Glu Gly Met Val Asp
95

Gly Ile Gly Gln Ala
110

Gln Ile Asn Gly Lys
125

Pro Glu Trp Asp Arg
140

Leu Ile Glu Glu Ser
160

Ser Gly Ile Val Gln
175

Gln Gln His Leu Leu
190

Ser Tyr Asn Ala Glu
205

Asp Leu Thr Asp Ser
220

Gln Leu Arg Glu Asn
240

Tyr His Lys Cys Asp
255

Tyr Asp His Asp Val
270

Ile Lys Gly Ser Gly
285

tcatctctgt acacgtegty
tcgcacttgt ggtagatctt
tgcttettgg ttttetegaa
tggttttcca gggcgaccag

acggtcaget gcagcaggtyg

60

120

180

240

300
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228

-continued
ctgctgggee tcegatggece gcagcaggtt gttetgetge tgcacgatge cgcetgecgece 360
geeggtgeeyg ttetectget ggttetgget ctectegate aggctgtaga tgatgetggt 420
gtagttgttyg atctccceggt cccactceggg atcgecegecyg gtettgecga tcagectgtt 480
cagcttgeeg ttgatetggt cgatggegge ctgggtagat ttcagatcegyg cggectgtcece 540
aattcccteg ctattetggt gtctgaagece gtaccaccca tccaccatte ccteccagece 600
attctcgata aagccggcaa tggcgccaaa gatgectetyg gtetgettet cgggeacatt 660
tctecatgeeg gtggecaget tcaggecgga geccagetet gtggcattgyg tcacttcgat 720
ctggtegttyg gtgattgttt tcacgatggt gecattagge acggegtggt gtcccagaca 780
cagtgtggeg gtgctattat cgttgecggg cagettcetgt gtgaacacca ggcacaggat 840
gtagctcagg gcaatgatgg ttttcat 867
<210> SEQ ID NO 85
<211> LENGTH: 837
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 85
atggagaaga tcgtgctgcet getggecate gtgagectgyg tgaagagcega ccagatctge 60
atcggctace acgccaacaa cagcaccgag caggtggaca ccatcatgga gaagaacgtg 120
accgtgacce acgcccagga catcggetece ggectggtge tggecaccegyg cctgeggaac 180
agcceccage gggagagecg gcggaagaag cggggcectgt teggegecat cgeceggette 240
atcgagggeg gctggcaggg catggtggac ggetggtacyg gctaccacca cagcaacgag 300
cagggcageg gctacgecge cgacaaggag agcacccaga aggccatcga cggegtgace 360
aacaaggtga acagcatcat cgacaagatg ggcggcgate ccgagtggga ccgggagatce 420
aacaactaca ccagcatcat ctacagectg atcgaggaga gccagaacca gcaggagaac 480
ggcaccggeyg gcggcagegg catcgtgcag cagcagaaca acctgcetgeg ggecatcgag 540
geecagcage acctgctgca gctgaccgtg tggggcatca agcagctgca gacctacaac 600
geegagetyge tggtgctgat ggagaacgag cggaccctgg acttccacga cagcaacgtyg 660
aagaacctgt acgacaaggt gcggctgcag ctgcgggaca acgccaagga gctgggcaac 720
ggctgetteg agttctacca caagtgcgac aacgagtgca tggagagcat ccggaacgge 780
acctacaact acccccagta cagcgaggag geccggcetga agegggagga gatcage 837
<210> SEQ ID NO 86
<211> LENGTH: 279
<212> TYPE: PRT
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 86
Met Glu Lys Ile Val Leu Leu Leu Ala Ile Val Ser Leu Val Lys Ser
1 5 10 15
Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
20 25 30
Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
35 40 45
Gly Ser Gly Leu Val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg
50 55 60
Glu Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe
65 70 75 80
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230

Ile Glu Gly

His Ser Asn

Gln Lys Ala

115

Lys Met Gly
130

Ser Ile Ile
145

Gly Thr Gly

Arg Ala Ile

Ile Lys Gln

195

Asn Glu Arg
210

Asp Lys Val
225

Gly Cys Phe

Ile Arg Asn

Leu Lys Arg
275

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Gly Trp Gln Gly Met

Glu Gln Gly Ser Gly

100

Ile Asp Gly Val Thr

120

Gly Asp Pro Glu Trp

135

Tyr Ser Leu Ile Glu
150

Gly Gly Ser Gly Ile

165

Glu Ala Gln Gln His

180

Leu Gln Thr Tyr Asn

200

Thr Leu Asp Phe His

215

Arg Leu Gln Leu Arg
230

Glu Phe Tyr His Lys

245

Gly Thr Tyr Asn Tyr

260

Glu Glu Ile Ser

D NO 87
H: 837
DNA

ISM: Influenza virus

<400> SEQUENCE: 87

getgatctee

gttceggaty

geccagetee

gttgctgteg

gtaggtctge

gatggccege

cteetgetygyg

cteceeggtec

cacgeegteg

gttgetgtgg

gccggcgatg

cegeaggecyg

gttettetee

gatctggteg

<210> SEQ I

<211> LENGT.
<212> TYPE:

tccegettea

ctctecatge

ttggegttgt

tggaagtcca

agctgettga

agcaggttgt

ttetggetet

cactcgggat

atggecettet

tggtagcegt

gegecgaaca

gtggccagca

atgatggtgt

ctcttcacca

D NO 88

H: 837
DNA

geegggecte

actcgttgte

ccegeagetyg

gggtcegete

tgccccacac

tctgetgetyg

cctegateag

cgecegeccat

gggtgcetete

accagcegte

ggcecegett

ccaggecgga

ccacctgete

ggctcacgat

Val Asp Gly
Tyr Ala Ala
105

Asn Lys Val

Asp Arg Glu

Glu Ser Gln

155

Val Gln Gln
170

Leu Leu Gln
185

Ala Glu Leu

Asp Ser Asn

Asp Asn Ala

235

Cys Asp Asn
250

Pro Gln Tyr
265

ctcgetgtac
gcacttgtgg
cagccgcace
gttctecate
ggtcagetge
cacgatgeeg
getgtagatyg
cttgtecgatg
cttgteggeyg
caccatgece
ctteegeegy
gecgatgtee
ggtgetgtty

ggccagcage

Trp Tyr Gly
Asp Lys Glu
110

Asn Ser Ile
125

Ile Asn Asn
140

Asn Gln Gln

Gln Asn Asn

Leu Thr Val

190

Leu Val Leu
205

Val Lys Asn
220

Lys Glu Leu

Glu Cys Met

Ser Glu Glu
270

tgggggtagt

tagaactcga
ttgtcgtaca
agcaccagca
agcaggtget
ctgeccgecge
atgctggtgt
atgctgttca
gegtagecge
tgccagecege
ctcteeceget
tgggegtggg
ttggegtggt

agcacgatct

Tyr His
95

Ser Thr

Ile Asp

Tyr Thr

Glu Asn

160

Leu Leu
175

Trp Gly

Met Glu

Leu Tyr

Gly Asn

240

Glu Ser
255

Ala Arg

tgtaggtgee
agcagccgtt
ggttcttcac
geteggegtt
getgggecte
cggtgeegtt
agttgttgat
ccttgttggt
tgcecctgete
cctegatgaa
gggggetgtte
tcacggtcac
agccgatgea

tcteccat

60

120

180

240

300

360

420

480

540

600

660

720

780

837
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<213> ORGANISM: Influenza virus

<400> SEQUENCE: 88

atgaaggcca tcategtget getgatggtyg gtgaccagea acgccgatayg aatctgcace 60
ggcatcacca gcagcaatag cccccatgtg gtgaaaacag ccacccaggg cgaagtgaat 120
gtgacaggeyg tgatccctet gggatcagga ctgaagetgg ccaatggcac caagtacaga 180
cctecegeca agetgetgaa agagagagge ttetttggeg ccattgeegyg atttetggaa 240
ggcggcetggy agggaatgat tgeceggetgg cacggctata catctcatgg ggeccatgge 300
gtggetgtygyg cegecgatet gaagtctace caggaagcca tcaacaagat caccaagaac 360
ctgaacagee tgagegaget ggaaggagge gaccccegagt gggatcegega aatcaacaac 420
tacacatcta tcatctacag tctgattgag gaaagccaga accagcagga gaatgggact 480
gggggaggcet ceggaatcegt gcagecagcag aacaatctge tgcgagecat tgaagcetcag 540
cagcacctge tgcagetgac agtgtgggge atcaagcage tgcaggggte ccagattgaa 600
ctggeegtge tgctgtccaa cgagggcatce atcaacageg aggatgaaca cctgetggece 660
ctggaacgga agctgaagaa gatgetggge ccttetgeeyg tggagategyg caacggetge 720
ttegagacaa agcacaagtg caaccagacce tgectggata gaatcgeege tggecacctte 780
aatgcecggeyg agttcagect gectacctte gacagectga atatcaccte cggagge 837

<210> SEQ ID NO 89

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 89

Met Lys Ala Ile Ile Val Leu Leu Met Val Val Thr Ser Asn Ala Asp
1 5 10 15

Arg Ile Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val Lys
20 25 30

Thr Ala Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu Gly
35 40 45

Ser Gly Leu Lys Leu Ala Asn Gly Thr Lys Tyr Arg Pro Pro Ala Lys
50 55 60

Leu Leu Lys Glu Arg Gly Phe Phe Gly Ala Ile Ala Gly Phe Leu Glu
65 70 75 80

Gly Gly Trp Glu Gly Met Ile Ala Gly Trp His Gly Tyr Thr Ser His
85 90 95

Gly Ala His Gly Val Ala Val Ala Ala Asp Leu Lys Ser Thr Gln Glu
100 105 110

Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn Ser Leu Ser Glu Leu Glu
115 120 125

Gly Gly Asp Pro Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Ile
130 135 140

Ile Tyr Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Asn Gly Thr
145 150 155 160

Gly Gly Gly Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala
165 170 175

Ile Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys
180 185 190

Gln Leu Gln Gly Ser Gln Ile Glu Leu Ala Val Leu Leu Ser Asn Glu
195 200 205
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Gly Ile Ile
210
225

Phe Glu Thr

Ala Gly Thr

Leu Asn Ile
275

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<400> SEQUE:
gecteeggag
ggtgccageyg
geegttgecy
cagcaggtgt
aatctgggac
agcttcaatg
cccattetee
gttgattteg
cttggtgatce
atgggccceca
cagaaatccg
gtacttggtyg
cacttegece
gcagattcta
<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<400> SEQUE:
atgaaaacca
ggcaatgaca

attgtgaaaa
ggcttgaaac
ggggctatcg
tttagacatc
gctatagatce
gagtgggace
cagaaccagc

ctgctgcggg

Asn Ser Glu Asp Glu

215

Met Leu Gly Pro Ser
230

Lys His Lys Cys Asn

245

Phe Asn Ala Gly Glu

260

Thr Ser Gly Gly

D NO 90
H: 837
DNA

ISM: Influenza virus

NCE: 90

gtgatattca

gegattctat

atctccacgg

tcatcctege

ccctgeaget

getegecagea

tgctggttet

cgatcccact

ttgttgatgg

tgagatgtat

gcaatggcge

ccattggeca

tgggtggctg

teggegttge

D NO 91

H: 867
DNA

ggctgtcgaa
ccaggcaggt
cagaagggcc
tgttgatgat
gettgatgee
gattgttcetyg
ggctttecte
cggggtegee
cttectgggt
agcecgtgeca
caaagaagcc
gettcagtee
ttttcaccac

tggtcaccac

ISM: Influenza virus

NCE: 91

taattgcget

actcaacagc

ccattactaa

tggcgaccgg

caggctttat

aaaactccga

agatcaatgg

gggagatcaa

aggagaacgg

ccatcgagge

gtcctacata

cacgctetge

cgatcagata

tatgcgcaat

cgagaatgge

aggcagaggc

aaagctcaac

caactacacc

caccggegge

ccagcagcac

His Leu Leu
Ala Val Glu
235

Gln Thr Cys
250

Phe Ser Leu
265

ggtaggcagg

ctggttgcac
cagcatctte
geecctegtty
ccacactgte
ctgctgeacy
aatcagactg
tccttecage
agacttcaga
gecggeaate
tctetettte
tgatcccaga

atgggggcta

catcagcage

ctgtgtetygyg
ttggggcacc
gaggtgacta
gtceccgaaa
tgggaaggga
caggctgeeg
agactgatcg
agcatcatct
ggcagcggcea

ctgctgecage

Ala Leu Glu
220

Ile Gly Asn

Leu Asp Arg

Pro Thr Phe
270

ctgaactege
ttgtgettty
ttcagettee
gacagcagca
agctgcagca
attccggage
tagatgatag
tcgetcagge
tcggeggeca
attccctece
agcagcettygyg
gggatcacge
ttgctgetygy

acgatgatgg

tgtttgceca
atgccgtece
atgccaccga
aacagacccg
tggtggatgg
atctcaagag
ggaaaaccgg
acagcctgat
tcgtgcagea

tgaccgtgty

Arg Lys
Gly Cys
240

Ile Ala
255

Asp Ser

cggcattgaa
tctegaagea
gttecaggge
cggecagtte
ggtgcetgetyg
ctceccccagt
atgtgtagtt
tgttcaggtt
cagccacgec
agcecgectte
cgggaggtct
ctgtcacatt
tgatgccggt

ccttcat

gaaactgccg
taacgggacc

getgggetee

cgggatattt
ttggtatggt
cacgcaggec
cggegatece
cgaggagage
gcagaacaac

gggcatcaag

60

120

180

240

300

360

420

480

540

600

660

720

780

837

60

120

180

240

300

360

420

480

540

600
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cagctgeagt
ctgaccgatt
gcagaggaca
ggatcaatta
aggttccaga
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

cctacaatge
cagagatgaa
tggggaacgg
gaaatggtac
taaaaggctce
D NO 92

H: 289
PRT

cgagetgetyg gtggetetgg

caaacttttt

gagaagacga

atgctttaaa atatatcata

ctatgatcac

c¢ggagge

ISM: Influenza virus

<400> SEQUENCE: 92

Met Lys Thr
1

Gln Lys Leu

His His Ala

Gln Ile Glu

50

Ala Thr Gly
65

Gly Ala Ile

Gly Trp Tyr

Ala Asp Leu

115

Leu Asn Arg
130

Glu Ile Asn
145

Gln Asn Gln

Gln Gln Asn

Gln Leu Thr

195

Leu Leu Val
210

Glu Met Asn
225

Ala Glu Asp

Asn Ala Cys

Tyr Arg Asp
275

Gly

<210> SEQ I

<211> LENGT.

<212> TYPE:
<213> ORGAN

Ile Ile Ala Leu Ser

Pro Gly Asn Asp Asn

20

Val Pro Asn Gly Thr

40

Val Thr Asn Ala Thr

55

Met Arg Asn Val Pro

70

Ala Gly Phe Ile Glu

85

Gly Phe Arg His Gln

100

Lys Ser Thr Gln Ala

120

Leu Ile Gly Lys Thr

135

Asn Tyr Thr Ser Ile
150

Gln Glu Asn Gly Thr

165

Asn Leu Leu Arg Ala

180

Val Trp Gly Ile Lys

200

Ala Leu Glu Asn Gln

215

Lys Leu Phe Glu Lys
230

Met Gly Asn Gly Cys

245

Ile Gly Ser Ile Arg

260

Glu Ala Leu Asn Asn

D NO 93
H: 867
DNA

280

ISM: Influenza virus

gatgtttaca

Tyr

Ser

25

Ile

Glu

Glu

Asn

Asn

105

Ala

Gly

Ile

Gly

Ile

185

Gln

His

Thr

Phe

Asn
265

Arg

Ile

10

Thr

Val

Leu

Lys

Gly

90

Ser

Ile

Gly

Tyr

Gly

170

Glu

Leu

Thr

Lys

Lys

250

Gly

Phe

Leu

Ala

Lys

Gly

Gln

75

Trp

Glu

Asp

Asp

Ser

155

Gly

Ala

Gln

Ile

Lys

235

Ile

Thr

Gln

agaatcagca cactattgac
agaagcagct tagagaaaat
agtgtgataa tgcctgcatce

gggacgaage gctgaataac

Cys Leu Val Phe Ala
15

Thr Leu Cys Leu Gly
30

Thr Ile Thr Asn Asp
Ser Gly Leu Lys Leu
60

Thr Arg Gly Ile Phe
80

Glu Gly Met Val Asp
95

Gly Arg Gly Gln Ala
110

Gln Ile Asn Gly Lys
125

Pro Glu Trp Asp Arg
140

Leu Ile Glu Glu Ser
160

Ser Gly Ile Val Gln
175

Gln Gln His Leu Leu
190

Ser Tyr Asn Ala Glu
205

Asp Leu Thr Asp Ser
220

Gln Leu Arg Glu Asn
240

Tyr His Lys Cys Asp
255

Tyr Asp His Asp Val
270

Ile Lys Gly Ser Gly
285

660

720

780

840

867
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<400> SEQUENCE: 93
gecteceggayg ccttttatct ggaacctgtt attcageget tegtccectgt aaacatcgtg 60
atcataggta ccatttctaa ttgatccgat gcaggcatta tcacacttat gatatatttt 120
aaagcatceg ttccccatgt cctetgeatt ttetctaage tgcettetteg tettcetcaaa 180
aagtttgtte atctctgaat cggtcaggtce aatagtgtge tgattcteca gagccaccag 240
cagcteggea ttgtaggact gcagcetgett gatgccccac acggtcaget gcagcaggtg 300
ctgctgggee tcegatggece gcagcaggtt gttetgetge tgcacgatge cgcetgecgece 360
geeggtgeeyg ttetectget ggttetgget ctectegate aggctgtaga tgatgetggt 420
gtagttgttyg atctccceggt cccactceggg atcgecgecyg gtttteccga tcagtetgtt 480
gagettteca ttgatctgat ctatagegge ctgegtgete ttgagatcgg cagectggece 540
tctgectteg gagttttgat gtctaaaacc ataccaacca tccaccatce ctteccagece 600
attctcgata aagcctgcga tagccccaaa tatcccegegyg gtetgttttt cggggacatt 660
gegeataceyg gtegecagtt tcaagccgga geccageteg gtggcattag tcacctctat 720
ctgatcgtta gtaatggttt tcacaatggt ccegttaggg acggcatggt gccccaagca 780
gagegtgget gttgagttgt cattgecegg cagtttetgg gcaaacacca gacacagtat 840
gtaggacagc gcaattatgg ttttcat 867
<210> SEQ ID NO 94
<211> LENGTH: 837
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 94
atgaaagtga agctgctggt getgetgtgt acctttaceyg ccacctacge cgataccate 60
tgtatcgget accacgccaa caatagcacce gacaccgtgg ataccgtget ggaaaagaac 120
gtgaccgtga cccacagegt gaacctggga tcaggactga gaatggtgac cggectgagyg 180
aatatcccca gcatccagag cagaggectg tttggegeca ttgecggett tatcgaggge 240
ggatggacag gcatggtgga tgggtggtac ggctaccacc accagaatga gcagggatct 300
ggctatgeeyg ccgatcagaa gagcacccag aacgccatca acggcatcac caacaaagtg 360
aacagcgtga tcgagaagat gggcggegat cctgaatggg acagagagat caacaactac 420
accagcatca tctacagcct gatcgaggaa agccagaacce agcaggaaaa cggcacaggce 480
ggcggatctyg gaattgtgca gcagcagaac aacctgctga gagccattga ggceccagcag 540
catctgetge agctgacagt gtggggcatce aagcagcetge agacctacaa cgccgaacte 600
ctggtectee tggaaaatga gaggaccctg gacttccacyg acagcaacgt gaagaacctg 660
tacgagaaag tgaagagcca gctgaagaac aacgccaaag agatcggcaa cggctgette 720
gagttctacce acaagtgcaa cgacgagtgc atggaaagcyg tgaagaacgg cacctacgac 780
taccccaagt acagcgagga aagcaagcetg aaccgggaga agatcgattce cggagge 837

<210> SEQ ID NO 95
<211> LENGTH: 276

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE: 95

Influenza virus

Met Lys Val Lys Leu Leu Val Leu Leu Cys Thr Phe Thr Ala Thr Tyr

1

5

10

15
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Ala Asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr

Val Asp Thr Val Leu Glu Lys Asn Val Thr Val Thr His Ser Val Asn
35 40 45

Leu Gly Ser Gly Leu Arg Met Val Thr Gly Leu Arg Asn Ile Pro Ser
50 55 60

Ile Gln Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly
65 70 75 80

Gly Trp Thr Gly Met Val Asp Gly Trp Tyr Gly Tyr His His Gln Asn
85 90 95

Glu Gln Gly Ser Gly Tyr Ala Ala Asp Gln Lys Ser Thr Gln Asn Ala
100 105 110

Ile Asn Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys Met Gly
115 120 125

Gly Asp Pro Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Ile Ile
130 135 140

Tyr Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Asn Gly Thr Gly
145 150 155 160

Gly Gly Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile
165 170 175

Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln
180 185 190

Leu Gln Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg
195 200 205

Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val
210 215 220

Lys Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly Cys Phe
225 230 235 240

Glu Phe Tyr His Lys Cys Asn Asp Glu Cys Met Glu Ser Val Lys Asn
245 250 255

Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ser Lys Leu Asn Arg
260 265 270

Glu Lys Ile Asp
275

<210> SEQ ID NO 96

<211> LENGTH: 837

<212> TYPE: DNA

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 96

gectecggaa tegatcttet cceccggttcag cttgetttee tegetgtact tggggtagte 60
gtaggtgceyg ttettcacge tttecatgca ctegtegttyg cacttgtggt agaactcgaa 120
gcagcegttyg ccgatctett tggegttgtt cttcagetgg ctettcactt tetegtacag 180
gttettcacyg ttgctgtegt ggaagtccag ggtcectetca ttttcecagga ggaccaggag 240
tteggegttyg taggtectgca getgcettgat gecccacact gtcagetgea gcagatgetg 300
ctgggectca atggetctca gcaggttgtt ctgetgetge acaattccag atccgecgece 360
tgtgcegttt tectgctggt tetggcettte ctecgatcagg ctgtagatga tgctggtgta 420
gttgttgate tctectgtcee attcaggatc gecgeccatce ttetcgatca cgetgttceac 480
tttgttggtyg atgcegttga tggcgttetg ggtgetcette tgatceggegyg catagecaga 540

tcecectgetea ttetggtggt ggtagecgta ccacccatec accatgectyg tccatcegece 600
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ctcgataaag ccggcaatgg cgccaaacag gectcetgete tggatgetgg ggatattcect 660
caggccggte accattctca gtcctgatcee caggttcacyg ctgtgggtca cggtcacgtt 720
ctttteccage acggtatcca cggtgteggt getattgttyg gegtggtage cgatacagat 780
ggtatcggeyg taggtggcgg taaaggtaca cagcagcacc agcagcttca ctttcat 837
<210> SEQ ID NO 97
<211> LENGTH: 837
<212> TYPE: DNA
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 97
atgaaggcca tcatcgtgct getgatggtg gtcacaagea acgccgatag aatctgtace 60
ggcatcacca gcagcaatag ccctcacgtce gtgaaaacag ctacacaggg cgaagtgaat 120
gtgaccggeyg tgatccctet gggatcagga ctgaagetgg ccaatggcac aaagtataga 180
cctecageca agetgetgaa agagagagge ttttttggag ctatcgeegyg ctttetggaa 240
ggcggatggyg agggaatgat tgctggatgg catggctaca catctcatgg cgcacatgge 300
gtggcagtgyg ctgctgatct gaaatctaca caggaagcca tcaacaagat caccaagaac 360
ctgaacagce tgagegagcet ggaaggaggce gaccccgagt gggatcgega aatcaacaac 420
tacacatcta tcatctacag tctgattgag gaaagccaga accagcagga gaatgggact 480
gggggaggct ccggaatcgt gcagcagcag aacaatctge tgcgagcecat tgaagctcag 540
cagcacctge tgcagctgac agtgtgggge atcaagcage tgcaggggag ccagattgaa 600
ctggetgtge tgctgtctaa cgagggeatce atcaatageg aggacgaaca tctgetggece 660
ctggaaagaa agctgaagaa gatgctggga cctagcegecyg tggaaatcgyg caatggatge 720
tttgagacaa agcacaagtg caaccagacc tgcctggata gaattgcege cggaacattt 780
gatgccggeyg agttttctet geccacctte gatagectga atatcacatc cggagge 837
<210> SEQ ID NO 98
<211> LENGTH: 279
<212> TYPE: PRT
<213> ORGANISM: Influenza virus
<400> SEQUENCE: 98
Met Lys Ala Ile Ile Val Leu Leu Met Val Val Thr Ser Asn Ala Asp
1 5 10 15
Arg Ile Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val Lys
20 25 30
Thr Ala Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu Gly
35 40 45
Ser Gly Leu Lys Leu Ala Asn Gly Thr Lys Tyr Arg Pro Pro Ala Lys
50 55 60
Leu Leu Lys Glu Arg Gly Phe Phe Gly Ala Ile Ala Gly Phe Leu Glu
65 70 75 80
Gly Gly Trp Glu Gly Met Ile Ala Gly Trp His Gly Tyr Thr Ser His
85 90 95
Gly Ala His Gly Val Ala Val Ala Ala Asp Leu Lys Ser Thr Gln Glu
100 105 110
Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn Ser Leu Ser Glu Leu Glu
115 120 125
Gly Gly Asp Pro Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Ile
130 135 140
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Ile Tyr Ser
145

Gly Gly Gly

Ile Glu Ala

Gln Leu Gln

195

Gly Ile Ile
210

Leu Lys Lys
225

Phe Glu Thr

Ala Gly Thr

Leu Asn Ile
275

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Leu Ile Glu Glu Ser
150

Ser Gly Ile Val Gln

165

Gln Gln His Leu Leu

180

Gly Ser Gln Ile Glu

200

Asn Ser Glu Asp Glu

215

Met Leu Gly Pro Ser
230

Lys His Lys Cys Asn

245

Phe Asp Ala Gly Glu

260

Thr Ser Gly Gly

D NO 99
H: 837
DNA

ISM: Influenza virus

<400> SEQUENCE: 99

gecteeggat

tgttceggeyg

tccattgeceg

cagcagatgt

aatctggete

agcttcaatg

cccattctcec

gttgattteg

cttggtgatce

atgtgcgeca

cagaaagccg

atactttgtg

cacttegece

acagattcta

<210> SEQ I

<211> LENGT.
<212> TYPE:

gtgatattca

gcaattctat

atttccacgg

tegtectege

ccctgeaget

getegecagea

tgctggttet

cgatcccact

ttgttgatgg

tgagatgtgt

gegatagete

ccattggeca

tgtgtagetyg

teggegttge

D NO 100

H: 1332
DNA

ggctatcgaa

ccaggcaggt

cgctaggtec

tattgatgat

gettgatgee

gattgttctyg

ggctttecte

ngggthCC

cttectgtgt

agccatgeca

caaaaaagcc

gettcagtee

ttttcacgac

ttgtgaccac

Gln Asn Gln
155

Gln Gln Asn
170

Gln Leu Thr
185

Leu Ala Val

His Leu Leu

Ala Val Glu

235

Gln Thr Cys
250

Phe Ser Leu
265

ggtgggcaga
ctggttgcac
cagcatctte
gecctegtta
ccacactgte
ctgctgeacy
aatcagactg
tccttecage
agatttcaga
tccagcaatce
tctetettte
tgatcccaga
gtgagggcta

catcagcage

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 100

ic

Gln Glu Asn Gly Thr

Asn

Val

Leu

Ala

220

Ile

Leu

Pro

Leu

Trp

Leu

205

Leu

Gly

Asp

Thr

Leu

Gly

190

Ser

Glu

Asn

Arg

Phe
270

gaaaactcge

ttgtgetttyg

ttecagettte

gacagcagca

agctgcagca

attccggage

tagatgatag

tcgetcagge

tcagcageca

attccctece

agcagcettygyg

gggatcacge

ttgctgetygy

acgatgatgg

160

Arg Ala
175

Ile Lys

Asn Glu

Arg Lys

Gly Cys

240

Ile Ala
255

Asp Ser

cggcatcaaa
tctcaaagca
tttccaggge
cagccagtte
ggtgcetgetyg
ctceccccagt
atgtgtagtt
tgttcaggtt
ctgeccacgec
atcecgectte
ctggaggtet
cggtcacatt
tgatgccggt

ccttcat

atgaaggcca agctgetggt getgetgtge acctttaceg ccacctacge cgacaccatce

tgcattgget accacgccaa caacagcacce gacaccgtgg ataccgtget ggaaaagaac

gtgaccgtga cccacagegt gaacctggga tccggactga gaatggtcac cggectgaga

60

120

180

240

300

360

420

480

540

600

660

720

780

837

60

120

180
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aacatcccca gcatccagag cagaggectg tttggageca ttgecggett tattgaggge 240
ggatggaccyg gaatggtgga tgggtggtac ggctaccacc accagaatga gcagggctet 300
ggctatgeeyg ccgatcagaa gtctacccag aacgccatca acggcatcac caacaaagtg 360
aacagcgtga tcgagaagat gggcggegat cctgaatggg acagagagat caacaactac 420
accagcatca tctacagcct gatcgaggaa agccagaacce agcaggaaaa cggcacaggce 480
ggcggatctyg gaattgtgca gcagcagaac aacctgctga gagccattga ggceccagcag 540
catctgetge agctgacagt gtggggcatce aagcagetge agacctacaa tgccgagcetg 600
ctggtectee tggaaaacga gagaaccctg gacttccacyg acagcaacgt gaagaacctg 660
tacgagaaag tgaagtccca gctgaagaac aacgccaaag agatcggcaa cggctgette 720
gagttctacce acaagtgcaa caacgagtgc atggaaagcg tgaagaacgg cacctacgac 780
taccccaagt acagcgagga aagcaagcetg aacagagaga agatcgactce cggaggcgac 840
atcatcaagc tgctgaacga gcaggtgaac aaggagatgce agagcagcaa cctgtacatg 900
agcatgagca gctggtgcta cacccacage ctggacggeg cceggectgtt cctgttegac 960
cacgecgecg aggagtacga gcacgccaag aagctgatca tcettectgaa cgagaacaac 1020
gtgccegtyge agetgaccag catcagcgcece cccgagcaca agttcegaggg cctgacccag 1080
atcttccaga aggcctacga gcacgagcag cacatcageg agagcatcaa caacatcgtg 1140
gaccacgcca tcaagagcaa ggaccacgcc accttcaact tectgcagtg gtacgtggece 1200
gagcagcacyg aggaggaggt gctgttcaag gacatcctgg acaagatcga gctgatcgge 1260
aacgagaacc acggcectgta cctggecgac cagtacgtga agggcatcge caagagcagg 1320
aagagcggat cc 1332

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 101
H: 444
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 101

Met Lys Ala
1

Ala Asp Thr

Val Asp Thr
35

Leu Gly Ser
50

Ile Gln Ser
65

Gly Trp Thr

Glu Gln Gly

Ile Asn Gly
115

Gly Asp Pro
130

Tyr Ser Leu

Lys Leu Leu Val Leu

5

Ile Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Gly Leu Arg Met Val

55

Arg Gly Leu Phe Gly

70

Gly Met Val Asp Gly

85

Ser Gly Tyr Ala Ala

100

Ile Thr Asn Lys Val

120

Glu Trp Asp Arg Glu

135

Ile Glu Glu Ser Gln

ic

Leu

His

25

Val

Thr

Ala

Trp

Asp

105

Asn

Ile

Asn

Cys

10

Ala

Thr

Gly

Ile

Tyr

90

Gln

Ser

Asn

Gln

Thr

Asn

Val

Leu

Ala

75

Gly

Lys

Val

Asn

Gln

Phe Thr Ala

Asn Ser Thr
30

Thr His Ser

Arg Asn Ile
60

Gly Phe Ile

Tyr His His

Ser Thr Gln

110

Ile Glu Lys
125

Tyr Thr Ser
140

Glu Asn Gly

Thr Tyr

15

Asp Thr

Val Asn

Pro Ser

Glu Gly
80

Gln Asn

95

Asn Ala

Met Gly

Ile Ile

Thr Gly
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145

Gly Gly Ser

Glu Ala Gln

Leu Gln Thr

195

Thr Leu Asp
210

Lys Ser Gln
225

Glu Phe Tyr

Gly Thr Tyr

Glu Lys Ile

275

Val Asn Lys
290

Trp Cys Tyr
305

His Ala Ala

Asn Glu Asn

His Lys Phe

355

Glu Gln His
370

Lys Ser Lys
385

Glu Gln His

Glu Leu Ile

Val Lys Gly
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

150

Gly Ile Val Gln Gln

165

Gln His Leu Leu Gln

180

Tyr Asn Ala Glu Leu

200

Phe His Asp Ser Asn

215

Leu Lys Asn Asn Ala
230

His Lys Cys Asn Asn

245

Asp Tyr Pro Lys Tyr

260

Asp Ser Gly Gly Asp

280

Glu Met Gln Ser Ser

295

Thr His Ser Leu Asp
310

Glu Glu Tyr Glu His

325

Asn Val Pro Val Gln

340

Glu Gly Leu Thr Gln

360

Ile Ser Glu Ser Ile

375

Asp His Ala Thr Phe
390

Glu Glu Glu Val Leu

405

Gly Asn Glu Asn His

420

Ile Ala Lys Ser Arg

D NO 102
H: 1332
DNA

440

Gln

Leu

185

Leu

Val

Lys

Glu

Ser

265

Ile

Asn

Gly

Ala

Leu

345

Ile

Asn

Asn

Phe

Gly

425

Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 102

ggatcecgete

gtggttcteg

ctegtgetge

gatggcgtgg

cttetggaag

ctgcacggge

CthgngCg

ttectgetet

ttgccgatca

tcggecacgt

tccacgatgt

atctgggtca

acgttgttet

tggtcgaaca

tggcgatgec

getegatett

accactgcag

tgttgatget

ggcectegaa

cgttcaggaa

ggaacaggcce

ic

Asn

170

Thr

Val

Lys

Glu

Cys

250

Glu

Ile

Leu

Ala

Lys

330

Thr

Phe

Asn

Phe

Lys

410

Leu

Ser

155

Asn

Val

Leu

Asn

Ile

235

Met

Glu

Lys

Tyr

Gly

315

Lys

Ser

Gln

Ile

Leu

395

Asp

Tyr

Gly

cttcacgtac

gtccaggatyg

gaagttgaag

ctcgetgatyg

cttgtgeteg

gatgatcage

ggcgeegtee

Leu Leu Arg
Trp Gly Ile
190

Leu Glu Asn
205

Leu Tyr Glu
220

Gly Asn Gly

Glu Ser Val

Ser Lys Leu
270

Leu Leu Asn
285

Met Ser Met
300

Leu Phe Leu

Leu Ile Ile

Ile Ser Ala
350

Lys Ala Tyr
365

Val Asp His
380

Gln Trp Tyr

Ile Leu Asp

Leu Ala Asp
430

Ser

tggtcggeca
tccttgaaca
gtggegtggt
tgctgetegt
ggggcgctga
ttcttggegt

aggctgtggg

160

Ala Ile
175

Lys Gln

Glu Arg

Lys Val

Cys Phe
240

Lys Asn
255

Asn Arg

Glu Gln

Ser Ser

Phe Asp
320

Phe Leu
335

Pro Glu

Glu His

Ala Ile

Val Ala
400

Lys Ile
415

Gln Tyr

ggtacaggce
gcacctecte
cettgetett
getegtagge
tgctggtcag
getegtacte

tgtagcacca

60

120

180

240

300

360

420
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getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtegecte cggagtegat cttetcetetyg ttcagettge tttecteget 540
gtacttgggyg tagtcgtagg tgcegttett cacgetttece atgcactegt tgttgcactt 600
gtggtagaac tcgaagcagce cgttgccgat ctetttggeg ttgttcettca getgggactt 660
cactttcteg tacaggttcet tcacgttgct gtecgtggaag tccagggtte tetegtttte 720
caggaggacc agcagctcgg cattgtaggt ctgcagetge ttgatgcccece acactgtcag 780
ctgcagcaga tgctgetggg cctcaatgge tetcagcagyg ttgttetget getgcacaat 840
tccagatceg cegectgtge cgttttectg ctggttetgg ctttectega tcaggetgta 900
gatgatgctyg gtgtagttgt tgatctctcet gtcccattca ggatcgecge ccatcttete 960
gatcacgctg ttcactttgt tggtgatgecc gttgatggeg ttectgggtag acttctgatce 1020
ggcggcatag ccagagccct gctcattetg gtggtggtag ccgtaccacc catccaccat 1080
tceggtecat cecgcecctcaa taaagccggce aatggctceca aacaggccte tgctctggat 1140
gctggggatyg tttcectcagge cggtgaccat tcectcagtceg gatcccaggt tcacgctgtg 1200
ggtcacggtc acgttctttt ccagcacggt atccacggtg teggtgectgt tgttggegtg 1260
gtagccaatyg cagatggtgt cggegtaggt ggcggtaaag gtgcacagca gcaccagcag 1320
cttggectte at 1332
<210> SEQ ID NO 103
<211> LENGTH: 1332
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 103
atgaaggcta tcctggtggt getgctgtac acctttgeca cegecaatge cgacaccctg 60
tgtattgget accacgccaa caacagcacce gacaccgtgg ataccgtget ggaaaagaac 120
gtgaccgtga cccacagegt gaacctggge tccggectga gactggecac cggectgaga 180
aacatcccca gcattcagag cagaggectg tttggageca ttgecggett tattgaggge 240
ggatggaccyg gaatggtgga tgggtggtac ggctaccacc accagaatga gcagggctet 300
ggctatgeeyg ccgacctgaa gtctacccag aacgccatcg acgagatcac caacaaagtg 360
aacagcgtga tcgagaagat gggcggetgg gacccatggg acagagagat caacaactac 420
accagcatca tctacagcct gatcgaggaa agccagaacce agcaggaaaa cggcacaggce 480
ggcggatctyg gaattgtgca gcagcagaac aacctgctga gagccattga ggceccagcag 540
catctgetge agctgacagt gtggggcatce aagcagetge agacctacaa cgccgagcetg 600
ctggtgetge tcgagaatga gagaaccctg gactaccacyg acagcaacgt gaagaacctg 660
tacgagaaag tgcggagcca gctgaagaac aacgccaaag agatcggcaa cggctgette 720
gagttctacce acaagtgcga caatacctgce atggaaagcyg tgaagaacgg cacctacgac 780
taccccaagt acagcgagga agccaagetg aaccgggaag agatcgattce cggaggcgac 840
atcatcaagc tgctgaacga gcaggtgaac aaggagatgce agagcagcaa cctgtacatg 900
agcatgagca gctggtgcta cacccacage ctggacggeg cceggectgtt cctgttegac 960
cacgecgecg aggagtacga gcacgccaag aagctgatca tcettectgaa cgagaacaac 1020
gtgccegtyge agetgaccag catcagcgcece cccgagcaca agttcegaggg cctgacccag 1080
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atcttccaga
gaccacgcca
gagcagcacyg
aacgagaacc
aagagcggat
<210> SEQ I

<211> LENGT.
<212> TYPE:

aggcctacga gcacgagcag

tcaagagcaa ggaccacgcec

aggaggaggt gctgttcaag

acggcctgta cctggecgac

ccC

D NO 104
H: 444
PRT

cacatcageg

accttcaact

gacatcctygg

cagtacgtga

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 104

Met Lys Ala
1

Ala Asp Thr
Val Asp Thr
35

Leu Gly Ser
50

Ile Gln Ser
65

Gly Trp Thr

Glu Gln Gly

Ile Asp Glu
115

Gly Trp Asp
130

Tyr Ser Leu
145

Gly Gly Ser

Glu Ala Gln

Leu Gln Thr
195

Thr Leu Asp
210

Arg Ser Gln
225

Glu Phe Tyr

Gly Thr Tyr

Glu Glu Ile
275

290

Trp Cys Tyr
305

Ile Leu Val
5

Leu Cys Ile
20

Val Leu Glu

Gly Leu Arg

Arg Gly Leu

70

Gly Met Val
85

Ser Gly Tyr
100

Ile Thr Asn

Pro Trp Asp

Ile Glu Glu
150

Gly Ile Val
165

Gln His Leu
180

Tyr Asn Ala

Tyr His Asp

Leu Lys Asn
230

His Lys Cys
245

Asp Tyr Pro
260

Asp Ser Gly

Glu Met Gln

Thr His Ser
310

Synthetic

Val

Gly

Lys

Leu

55

Phe

Asp

Ala

Lys

Arg

135

Ser

Gln

Leu

Glu

Ser

215

Asn

Asp

Lys

Gly

Ser
295

Leu

Leu

Tyr

Asn

40

Ala

Gly

Gly

Ala

Val

120

Glu

Gln

Gln

Gln

Leu

200

Asn

Ala

Asn

Tyr

Asp

280

Ser

Asp

Leu Tyr Thr
10

His Ala Asn

Val Thr Val

Thr Gly Leu

Ala Ile Ala
75

Trp Tyr Gly
90

Asp Leu Lys
105

Asn Ser Val

Ile Asn Asn

Asn Gln Gln

155

Gln Asn Asn
170

Leu Thr Val
185

Leu Val Leu

Val Lys Asn

Lys Glu Ile
235

Thr Cys Met
250

Ser Glu Glu
265

Ile Ile Lys

Asn Leu Tyr

Gly Ala Gly
315

agagcatcaa caacatcgtg
tcctgcagty gtacgtggec
acaagatcga gctgatcgge

agggcatcge caagagcagg

Phe Ala Thr Ala Asn
15

Asn Ser Thr Asp Thr
30

Thr His Ser Val Asn
45

Arg Asn Ile Pro Ser
60

Gly Phe Ile Glu Gly
80

Tyr His His Gln Asn
95

Ser Thr Gln Asn Ala
110

Ile Glu Lys Met Gly
125

Tyr Thr Ser Ile Ile
140

Glu Asn Gly Thr Gly
160

Leu Leu Arg Ala Ile
175

Trp Gly Ile Lys Gln
190

Leu Glu Asn Glu Arg
205

Leu Tyr Glu Lys Val
220

Gly Asn Gly Cys Phe
240

Glu Ser Val Lys Asn
255

Ala Lys Leu Asn Arg
270

Leu Leu Asn Glu Gln
285

Met Ser Met Ser Ser
300

Leu Phe Leu Phe Asp
320

1140

1200

1260

1320

1332
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His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu
325 330 335

Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu
340 345 350

His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His
355 360 365

Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile
370 375 380

Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala
385 390 395 400

Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile
405 410 415

Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr
420 425 430

Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
435 440

<210> SEQ ID NO 105

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 105

ggatccgete ttectgetet tggegatgece cttcacgtac tggtceggeca ggtacaggec 60
gtggttcteg ttgccgatca gctcgatett gtccaggatg tecttgaaca gcacctecte 120
ctegtgetge tceggecacgt accactgcag gaagttgaag gtggegtggt ccttgetett 180
gatggcegtygyg tccacgatgt tgttgatget ctegetgatg tgctgetegt getcgtagge 240
cttetggaag atctgggtca ggccctegaa cttgtgeteg ggggegcetga tgctggtcag 300
ctgcacggge acgttgttcet cgttcaggaa gatgatcage ttettggegt gctegtacte 360
cteggeggeg tggtegaaca ggaacaggece ggegecgtece aggetgtggyg tgtagcacca 420
getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtegecte cggaatcgat ctettecegyg ttcagettgg cttecteget 540
gtacttgggyg tagtcgtagg tgcegttett cacgetttece atgcaggtat tgtcgcactt 600
gtggtagaac tcgaagcagce cgttgecgat ctetttggeg ttgttettca getggetecg 660
cactttctecg tacaggttcet tcacgttgct gtegtggtag tccagggtte tetcattcte 720
gagcagcacce agcagctcegg cgttgtaggt ctgcagetge ttgatgeccce acactgtcag 780
ctgcagcaga tgctgetggg cctcaatgge tetcagcagyg ttgttetget getgcacaat 840
tccagatceg cegectgtge cgttttectg ctggttetgg ctttectega tcaggetgta 900
gatgatgctyg gtgtagttgt tgatctctet gtcccatggg teccagecge ccatcttete 960

gatcacgctg ttcactttgt tggtgatctc gtcgatggeg ttectgggtag acttcaggtce 1020

ggcggcatag ccagagccct gctcattetg gtggtggtag ccgtaccacc catccaccat 1080

tceggtecat cecgcecctcaa taaagccggce aatggctceca aacaggccte tgctctgaat 1140

gctggggatyg tttcectcagge cggtggecag tcectcaggceg gagcccaggt tcacgctgtg 1200

ggtcacggtc acgttctttt ccagcacggt atccacggtg teggtgectgt tgttggegtg 1260

gtagccaata cacagggtgt cggcattgge ggtggcaaag gtgtacagca gcaccaccag 1320
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-continued
gatagcctte at 1332
<210> SEQ ID NO 106
<211> LENGTH: 1326
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 106
atggccatca tctacctgat tctgetgttt acagccgtea gaggcgatca gatctgtatt 60
ggctaccacyg ccaacaatag caccgagaaa gtggatacca tcctggaaag aaatgtgaca 120
gtgacacacyg ccaaggatat tggatcagga ctggtgctgg ctacaggact gagaaatgtg 180
cctcagattyg agagcagagg cctgtttgga gecattgetg getttattga aggeggatgg 240
cagggaatga ttgatgggtg gtacggctac caccactcta atgatcaggyg atctggatat 300
geegecgaca aagaatctac acagaaagcc ttcgacggca tcaccaacaa agtgaatagce 360
gtgatcgaga agatgggcgg agatcccgaa tgggacagag agatcaacaa ctacaccagce 420
atcatctaca gcctgatcga ggaaagccag aatcagcagg aaaatggaac aggcggagga 480
tctggaattyg tgcagcagca gaacaatctg ctgagagcta ttgaagctca gcagcatctg 540
ctgaatctga cagtgtgggg aatcaaacag ctgcagacat acaatgctga gctgetggtg 600
ctgatggaaa atgagagaac cctggacttc cacgacagca atgtgaagaa cctgtacgac 660
aaagtgcgga tgcagctgag agacaatgtg aaagaactgg gcaatggetyg cttegagtte 720
taccacaagt gcgacgatga gtgtatgaac agcgtgaaga acggcaccta cgactaccct 780
aagtacgagg aagagagcaa gctgaacaga aatgagatca agtccggagyg cgacatcate 840
aagctgctga acgagcaggt gaacaaggag atgcagagca gcaacctgta catgagcatg 900
agcagcetggt gctacaccca cagcctggac ggegecggece tgttectgtt cgaccacgece 960
geecgaggagt acgagcacgce caagaagcetg atcatcttece tgaacgagaa caacgtgecce 1020
gtgcagctga ccagcatcag cgcccccgag cacaagtteg agggcectgac ccagatctte 1080
cagaaggcct acgagcacga gcagcacatc agcgagagca tcaacaacat cgtggaccac 1140
gccatcaaga gcaaggacca cgccacctte aacttectge agtggtacgt ggecgagcag 1200
cacgaggagg aggtgctgtt caaggacatc ctggacaaga tcgagctgat cggcaacgag 1260
aaccacggce tgtacctgge cgaccagtac gtgaagggca tcegccaagag caggaagagce 1320
ggatcce 1326
<210> SEQ ID NO 107
<211> LENGTH: 442
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 107
Met Ala Ile Ile Tyr Leu Ile Leu Leu Phe Thr Ala Val Arg Gly Asp
1 5 10 15
Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Lys Val Asp
20 25 30
Thr Ile Leu Glu Arg Asn Val Thr Val Thr His Ala Lys Asp Ile Gly
35 40 45
Ser Gly Leu Val Leu Ala Thr Gly Leu Arg Asn Val Pro Gln Ile Glu
50 55 60
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258

Ser

Gln

Gly

Gly

Pro

Leu

145

Ser

Gln

Thr

Asp

Gln

225

Tyr

Tyr

Ile

Lys

Tyr

305

Ala

Asn

Phe

Lys
385

Ile

Gly

<210>
<211>
<212>
<213>
<220>

Arg

Gly

Ser

Ile

Glu

130

Ile

Gly

Gln

Tyr

Phe

210

Leu

His

Asp

Lys

Glu

290

Thr

Glu

Asn

Glu

Ile

370

Asp

Glu

Gly

Ile

Gly

Met

Gly

Thr

115

Trp

Glu

Ile

His

Asn

195

His

Arg

Lys

Tyr

Ser

275

Met

His

Glu

Val

Gly

355

Ser

His

Glu

Asn

Ala
435

Leu

Ile

Tyr

100

Asn

Asp

Glu

Val

Leu

180

Ala

Asp

Asp

Cys

Pro

260

Gly

Gln

Ser

Tyr

Pro

340

Leu

Glu

Ala

Glu

Glu
420

Lys

Phe

Asp

85

Ala

Lys

Arg

Ser

Gln

165

Leu

Glu

Ser

Asn

Asp

245

Lys

Gly

Ser

Leu

Glu

325

Val

Thr

Ser

Thr

Val
405

Asn

Ser

SEQ ID NO 108
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

1326

Gly

Gly

Ala

Val

Glu

Gln

150

Gln

Asn

Leu

Asn

Val

230

Asp

Tyr

Asp

Ser

Asp

310

His

Gln

Gln

Ile

Phe

390

Leu

His

Arg

Ala Ile Ala Gly Phe Ile Glu Gly Gly
75

Trp Tyr Gly Tyr His His Ser Asn Asp
90 95

Asp Lys Glu Ser Thr Gln Lys Ala Phe
105 110

Asn Ser Val Ile Glu Lys Met Gly Gly
120 125

Ile Asn Asn Tyr Thr Ser Ile Ile Tyr
135 140

Asn Gln Gln Glu Asn Gly Thr Gly Gly
155

Gln Asn Asn Leu Leu Arg Ala Ile Glu
170 175

Leu Thr Val Trp Gly Ile Lys Gln Leu
185 190

Leu Val Leu Met Glu Asn Glu Arg Thr
200 205

Val Lys Asn Leu Tyr Asp Lys Val Arg
215 220

Lys Glu Leu Gly Asn Gly Cys Phe Glu
235

Glu Cys Met Asn Ser Val Lys Asn Gly
250 255

Glu Glu Glu Ser Lys Leu Asn Arg Asn
265 270

Ile Ile Lys Leu Leu Asn Glu Gln Val
280 285

Asn Leu Tyr Met Ser Met Ser Ser Trp
295 300

Gly Ala Gly Leu Phe Leu Phe Asp His
315

Ala Lys Lys Leu Ile Ile Phe Leu Asn
330 335

Leu Thr Ser Ile Ser Ala Pro Glu His
345 350

Ile Phe Gln Lys Ala Tyr Glu His Glu
360 365

Asn Asn Ile Val Asp His Ala Ile Lys
375 380

Asn Phe Leu Gln Trp Tyr Val Ala Glu
395

Phe Lys Asp Ile Leu Asp Lys Ile Glu
410 415

Gly Leu Tyr Leu Ala Asp Gln Tyr Val
425 430

Lys Ser Gly Ser
440

Trp

Gln

Asp

Asp

Ser

Gly

160

Ala

Gln

Leu

Met

Phe

240

Thr

Glu

Asn

Cys

Ala

320

Glu

Lys

Gln

Ser

Gln

400

Leu

Lys
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-continued

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 108

ggatccgete ttectgetet tggegatgece cttcacgtac tggtceggeca ggtacaggec 60
gtggttcteg ttgccgatca gctcgatett gtccaggatg tecttgaaca gcacctecte 120
ctegtgetge tceggecacgt accactgcag gaagttgaag gtggegtggt ccttgetett 180
gatggcegtygyg tccacgatgt tgttgatget ctegetgatg tgctgetegt getcgtagge 240
cttetggaag atctgggtca ggccctegaa cttgtgeteg ggggegcetga tgctggtcag 300
ctgcacggge acgttgttcet cgttcaggaa gatgatcage ttettggegt gctegtacte 360
cteggeggeg tggtegaaca ggaacaggece ggegecgtece aggetgtggyg tgtagcacca 420
getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtcgccte cggacttgat ctcatttetg ttcagecttge tetcettecte 540
gtacttaggyg tagtcgtagg tgcegttett cacgetgtte atacactcat cgtcgcactt 600
gtggtagaac tcgaagcagce cattgcccag ttetttcaca ttgtctctca getgcatcecg 660
cactttgtcg tacaggttcect tcacattgct gtcecgtggaag tccagggttce tcectcatttte 720
catcagcacce agcagctcag cattgtatgt ctgcagetgt ttgattccece acactgtcag 780
attcagcaga tgctgctgag cttcaatage tctcagcaga ttgttctget gectgcacaat 840
tccagatcect ccgectgtte cattttectg ctgattetgg ctttectega tcaggetgta 900
gatgatgctyg gtgtagttgt tgatctctet gtcccatteg ggatcteege ccatcttete 960

gatcacgcta ttcactttgt tggtgatgcc gtcgaaggcet ttcectgtgtag attcectttgte 1020
ggcggcatat ccagatccct gatcattaga gtggtggtag ccgtaccacc catcaatcat 1080
tcectgecat cecgcecttcaa taaagccagce aatggctceca aacaggccte tgctctcaat 1140
ctgaggcaca tttctcagtc ctgtagccag caccagtect gatccaatat ccttggegtg 1200
tgtcactgtc acatttcttt ccaggatggt atccactttc tecggtgctat tgttggegtg 1260
gtagccaata cagatctgat cgcctctgac ggctgtaaac agcagaatca ggtagatgat 1320
ggccat 1326
<210> SEQ ID NO 109

<211> LENGTH: 1362

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 109

atgaagacca tcatcgecct gagctacate ttetgectgg cectgggeca ggacctgecce 60
ggcaacgaca acagcaccgc caccctgtge ctgggecace acgccgtgeco caacggeacc 120
ctggtgaaga ccatcaccga cgaccagatce gaggtgacca acgccaccega getgggetece 180
ggcctgaage tggccaccgg catgcggaac gtgcccgaga agcagacccyg gggectgtte 240
ggcgcecateg ccggettcat cgagaacgge tgggagggca tgatcgacgyg ctggtacgge 300
ttceggcace agaacagcga gggcaccgge caggecgeeg acctgaagag cacccaggec 360
gecatcgace agatcaacgg caagctgaac cgggtgatceg agaagaccgyg cggcgatccec 420
gagtgggacce gggagatcaa caactacacc agcatcatct acagectgat cgaggagagce 480
cagaaccagc aggagaacgg caccggegge ggcageggea tegtgcagca gcagaacaac 540

ctgetgeggyg ccatcgagge ccagcageac ctgctgeage tgaccgtgtg gggcatcaag 600
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cagctgcaga gctacaacgce cgagctgetg gtggecctgyg agaaccagca caccatcgac 660
ctgaccgaca gcgagatgaa caagctgttc gagaagacce ggcggcaget gcgggagaac 720
geecgaggaca tgggcaacgg ctgcttcaag atctaccaca agtgcgacaa cgectgcatce 780
gagagcatce ggaacggcac ctacgaccac gacgtgtacce gggacgaggce cctgaacaac 840
cggttecaga tcaagggctce cggaggegac atcatcaage tgctgaacga gcaggtgaac 900
aaggagatgc agagcagcaa cctgtacatg agcatgagca gctggtgcta cacccacage 960
ctggacggeg ccggectgtt cctgttegac cacgecgecyg aggagtacga gcacgcecaag 1020
aagctgatca tcttecctgaa cgagaacaac gtgcccgtge agctgaccag catcagcgcece 1080
ccegagcaca agttegaggg cctgacccag atcttcecaga aggcectacga gcacgagcag 1140
cacatcageg agagcatcaa caacatcgtg gaccacgcca tcaagagcaa ggaccacgcce 1200
accttcaact tcctgcagtg gtacgtggce gagcagcacg aggaggaggt gcectgttcaag 1260
gacatcctygyg acaagatcga gctgatcgge aacgagaacc acggcectgta cctggccgac 1320
cagtacgtga agggcatcgc caagagcagg aagagcggat cc 1362

<210> SEQ ID NO 110
<211> LENGTH: 454

<212> TYPE

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 110

Met Lys Thr Ile Ile Ala Leu Ser

1

5

Gln Asp Leu Pro Gly Asn Asp Asn

His His Ala

35

20

Val Pro Asn Gly Thr

40

Gln Ile Glu Val Thr Asn Ala Thr

55

Ala Thr Gly Met Arg Asn Val Pro

65

Gly Ala Ile

Gly Trp Tyr

70

Ala Gly Phe Ile Glu

85

Gly Phe Arg His Gln

100

Ala Asp Leu Lys Ser Thr Gln Ala

115

Leu Asn Arg

130

120

Val Ile Glu Lys Thr

135

Glu Ile Asn Asn Tyr Thr Ser Ile
150

145

Gln Asn Gln Gln Glu Asn Gly Thr

165

Gln Gln Asn Asn Leu Leu Arg Ala

Gln Leu Thr
195

Leu Leu Val

210

180

Val Trp Gly Ile Lys

200

Ala Leu Glu Asn Gln

215

ic

Tyr

Ser

25

Leu

Glu

Glu

Asn

Asn

105

Ala

Gly

Ile

Gly

Ile
185

Gln

His

Ile

10

Thr

Val

Leu

Lys

Gly

90

Ser

Ile

Gly

Tyr

Gly

170

Glu

Leu

Thr

Phe

Ala

Lys

Gly

Gln

75

Trp

Glu

Asp

Asp

Ser

155

Gly

Ala

Gln

Ile

Cys Leu Ala

Thr Leu Cys

30

Thr Ile Thr

45

Leu Gly
15

Leu Gly

Asp Asp

Ser Gly Leu Lys Leu

Thr Arg Gly Leu Phe

Glu Gly Met

80

Ile Asp
95

Gly Thr Gly Gln Ala

110

Gln Ile Asn Gly Lys

125

Pro Glu Trp

140

Asp Arg

Leu Ile Glu Glu Ser

Ser Gly Ile

Gln Gln His
190

160

Val Gln
175

Leu Leu

Ser Tyr Asn Ala Glu

205

Asp Leu Thr

220

Asp Ser
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Glu Met Asn
225

Ala Glu Asp

Asn Ala Cys

Tyr Arg Asp

275

Gly Asp Ile
290

Ser Ser Asn
305

Leu Asp Gly

Glu His Ala

Val Gln Leu

355

Thr Gln Ile
370

Ser Ile Asn
385

Thr Phe Asn

Val Leu Phe

Asn His Gly
435

Ser Arg Lys
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Leu Phe Glu Lys
230

Met Gly Asn Gly Cys

245

Ile Glu Ser Ile Arg

260

Glu Ala Leu Asn Asn

280

Ile Lys Leu Leu Asn

295

Leu Tyr Met Ser Met
310

Ala Gly Leu Phe Leu

325

Lys Lys Leu Ile Ile

340

Thr Ser Ile Ser Ala

360

Phe Gln Lys Ala Tyr

375

Asn Ile Val Asp His
390

Phe Leu Gln Trp Tyr

405

Lys Asp Ile Leu Asp

420

Leu Tyr Leu Ala Asp

440

Ser Gly Ser

D NO 111
H: 1362
DNA

Thr

Phe

Asn

265

Arg

Glu

Ser

Phe

Phe

345

Pro

Glu

Ala

Val

Lys

425

Gln

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 111

ggatcecgete

gtggttcteg

ctegtgetge

gatggcgtgg

cttetggaag

ctgcacggge

CthgngCg

getgceteaty

cagcttgatg

ccggtacacyg

cttgtggtag

cegggtette

ttectgetet

ttgccgatca

tcggecacgt

tccacgatgt

atctgggtca

acgttgttet

tggtcgaaca

ctcatgtaca

atgtcgecte

tcgtggtegt

atcttgaage

tcgaacaget

tggcgatgec

getegatett

accactgcag

tgttgatget

ggcectegaa

cgttcaggaa

ggaacaggcce

ggttgetget

cggageectt

aggtgcegtt

agcegttgec

tgttcatcte

ic

Arg

Lys

250

Gly

Phe

Gln

Ser

Asp

330

Leu

Glu

His

Ile

Ala

410

Ile

Tyr

Arg

235

Ile

Thr

Gln

Val

Trp

315

His

Asn

His

Glu

Lys

395

Glu

Glu

Val

cttcacgtac

gtccaggatyg

gaagttgaag

ctcgetgatyg

cttgtgeteg

gatgatcage

ggcgeegtee

ctgcatctee

gatctggaac

ccggatgete

catgtecteg

getgteggte

Gln Leu Arg

Tyr His Lys

Tyr Asp His

270

Ile Lys Gly
285

Asn Lys Glu
300

Cys Tyr Thr

Ala Ala Glu

Glu Asn Asn

350

Lys Phe Glu
365

Gln His Ile
380

Ser Lys Asp

Gln His Glu

Leu Ile Gly
430

Lys Gly Ile
445

tggtcggeca

tccttgaaca
gtggegtggt
tgctgetegt
ggggcgctga
ttcttggegt
aggctgtggg
ttgttcacct
cggttgttca
tcgatgcagyg
gegttetece

aggtcgatgg

Glu Asn
240

Cys Asp
255

Asp Val

Ser Gly

Met Gln

His Ser
320

Glu Tyr
335

Val Pro

Gly Leu

Ser Glu

His Ala
400

Glu Glu
415

Asn Glu

Ala Lys

ggtacaggce
gcacctecte
cettgetett
getegtagge
tgctggtcag
getegtacte
tgtagcacca
getegtteag
gggectegte
cgttgtegea
gcagctgeceg

tgtgctggtt

60

120

180

240

300

360

420

480

540

600

660

720
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cteccagggee accagcagcet cggegttgta getcetgcage tgettgatge cccacacggt 780
cagctgcage aggtgetget gggcectegat ggeccgcage aggttgttet getgetgcac 840
gatgccgetyg cegecgecgg tgcegttete ctgetggtte tggctcetect cgatcagget 900
gtagatgatyg ctggtgtagt tgttgatctc ccggteccac tegggatcge cgecggtett 960
ctcgatcacce cggttcaget tgccgttgat ctggtcgatg geggecctggg tgctcttcag 1020
gtcggeggece tggeccggtge cctegetgtt ctggtgeccgyg aagccgtacce agcecgtcgat 1080
catgecectee cagecgttet cgatgaagec ggcgatggeg ccgaacagge cccgggtetg 1140
cttcteggge acgttceccgeca tgccggtgge cagcettcagg ccggagccca geteggtggce 1200
gttggtcacc tcgatctggt cgteggtgat ggtcttcacce agggtgccgt tgggcacggce 1260
gtggtggcec aggcacaggg tggcggtgcet gttgtegttg cegggcaggt cctggcccag 1320
ggccaggcag aagatgtagc tcagggcgat gatggtctte at 1362
<210> SEQ ID NO 112
<211> LENGTH: 1341
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 112
atggagaaga tcgtgctgcet getggecate gtgagectgyg tgaagagcega ccagatctge 60
atcggctace acgccaacaa cagcaccgag caggtggaca ccatcatgga gaagaacgtg 120
accgtgacce acgcccagga catcggetece ggectggtge tggecaccegyg cctgeggaac 180
agcceccage gggagagecg gcggaagaag cggggcectgt teggegecat cgeceggette 240
atcgagggeg gctggcaggg catggtggac ggetggtacyg gctaccacca cagcaacgag 300
cagggcageg gctacgecge cgacaaggag agcacccaga aggccatcga cggegtgace 360
aacaaggtga acagcatcat cgacaagatg ggcggcgate ccgagtggga ccgggagatce 420
aacaactaca ccagcatcat ctacagectg atcgaggaga gccagaacca gcaggagaac 480
ggcaccggeyg gcggcagegg catcgtgcag cagcagaaca acctgcetgeg ggecatcgag 540
geecagcage acctgctgca gctgaccgtg tggggcatca agcagctgca gacctacaac 600
geegagetyge tggtgctgat ggagaacgag cggaccctgg acttccacga cagcaacgtyg 660
aagaacctgt acgacaaggt gcggctgcag ctgcgggaca acgccaagga gctgggcaac 720
ggctgetteg agttctacca caagtgcgac aacgagtgca tggagagcat ccggaacgge 780
acctacaact acccccagta cagcgaggag geccggctga agegggagga gatcagetce 840
ggaggcgaca tcatcaagct gctgaacgag caggtgaaca aggagatgca gagcagcaac 900
ctgtacatga gcatgagcag ctggtgctac acccacagec tggacggege cggectgtte 960
ctgttcgacce acgccgccga ggagtacgag cacgccaaga agctgatcat cttectgaac 1020
gagaacaacyg tgcccgtgca gctgaccage atcagegece ccgagcacaa gttcgaggge 1080
ctgacccaga tcttecagaa ggcctacgag cacgagcage acatcagcga gagcatcaac 1140
aacatcgtgg accacgccat caagagcaag gaccacgcca ccttcaactt cctgcagtgg 1200
tacgtggceg agcagcacga ggaggaggtg ctgttcaagyg acatcctgga caagatcgag 1260
ctgatcggca acgagaacca cggcctgtac ctggccgacce agtacgtgaa gggcatcgee 1320
aagagcagga agagcggatc ¢ 1341
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<210> SEQ ID NO 113

<211> LENGTH: 447

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 113

Met Glu Lys Ile Val Leu Leu Leu Ala Ile Val Ser Leu Val Lys Ser
1 5 10 15

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
20 25 30

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
35 40 45

Gly Ser Gly Leu Val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg
50 55 60

Glu Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe
65 70 75 80

Ile Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His
His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr
100 105 110

Gln Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser Ile Ile Asp
115 120 125

Lys Met Gly Gly Asp Pro Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr
130 135 140

Ser Ile Ile Tyr Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Asn
145 150 155 160

Gly Thr Gly Gly Gly Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu
165 170 175

Arg Ala Ile Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly
180 185 190

Ile Lys Gln Leu Gln Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu
195 200 205

Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr
210 215 220

Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly Asn
225 230 235 240

Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu Ser
245 250 255

Ile Arg Asn Gly Thr Tyr Asn Tyr Pro Gln Tyr Ser Glu Glu Ala Arg
260 265 270

Leu Lys Arg Glu Glu Ile Ser Ser Gly Gly Asp Ile Ile Lys Leu Leu
275 280 285

Asn Glu Gln Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser
290 295 300

Met Ser Ser Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe
305 310 315 320

Leu Phe Asp His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile
325 330 335

Ile Phe Leu Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser
340 345 350

Ala Pro Glu His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala
355 360 365

Tyr Glu His Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp



269

US 9,441,019 B2

270

-continued
370 375 380

His Ala Ile Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp
385 390 395 400
Tyr Val Ala Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu

405 410 415
Asp Lys Ile Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala

420 425 430
Asp Gln Tyr Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
435 440 445

<210> SEQ ID NO 114
<211> LENGTH: 1341
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 114
ggatccgete ttectgetet tggegatgece cttcacgtac tggtceggeca ggtacaggec 60
gtggttcteg ttgccgatca gctcgatett gtccaggatg tecttgaaca gcacctecte 120
ctegtgetge tceggecacgt accactgcag gaagttgaag gtggegtggt ccttgetett 180
gatggcegtygyg tccacgatgt tgttgatget ctegetgatg tgctgetegt getcgtagge 240
cttetggaag atctgggtca ggccctegaa cttgtgeteg ggggegcetga tgctggtcag 300
ctgcacggge acgttgttcet cgttcaggaa gatgatcage ttettggegt gctegtacte 360
cteggeggeg tggtegaaca ggaacaggece ggegecgtece aggetgtggyg tgtagcacca 420
getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtegecte cggagetgat ctectcecege ttcagcceggyg cctecteget 540
gtactgggygyg tagttgtagg tgccgttcceg gatgctetee atgcactegt tgtcgcactt 600
gtggtagaac tcgaagcagce cgttgceccag ctecttggeg ttgtccegea getgcagecyg 660
caccttgteg tacaggttcet tcacgttget gtegtggaag tcecagggtece getegttete 720
catcagcacce agcagctcgg cgttgtaggt ctgcagetge ttgatgceccece acacggtcag 780
ctgcagcagg tgctgetggg cctcegatgge cegecagcagyg ttgttetget getgeacgat 840
geegetgeeyg cegeecggtge cgttetectg ctggttetgg ctetcectega tcaggetgta 900
gatgatgctyg gtgtagttgt tgatctcceg gteccacteyg ggatcgecge ccatcttgte 960
gatgatgctg ttcaccttgt tggtcacgcc gtcgatggec ttetgggtgce tctecttgte 1020
ggcggcgtag ccgetgecct gctegttget gtggtggtag ccgtaccagce cgtceccaccat 1080
geectgecayg cegecctcega tgaagecgge gatggegecg aacaggeccce gettettecg 1140
ceggetetee cgetggggge tgttcegeag gecggtggece agcaccagge cggagecgat 1200
gtcetgggeg tgggtcacgg tcacgttett ctccatgatg gtgtccacct gcteggtget 1260
gttgttggeg tggtagccga tgcagatctg gtcgctctte accaggctca cgatggecag 1320
cagcagcacg atcttctcca t 1341

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 115

LENGTH: 1332

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 115
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272

-continued
atgaaagtga agctgctggt getgetgtgt acctttaceyg ccacctacge cgataccate 60
tgtatcgget accacgccaa caatagcacce gacaccgtgg ataccgtget ggaaaagaac 120
gtgaccgtga cccacagegt gaacctggga tcaggactga gaatggtgac cggectgagyg 180
aatatcccca gcatccagag cagaggectg tttggegeca ttgecggett tatcgaggge 240
ggatggacag gcatggtgga tgggtggtac ggctaccacc accagaatga gcagggatct 300
ggctatgeeyg ccgatcagaa gagcacccag aacgccatca acggcatcac caacaaagtg 360
aacagcgtga tcgagaagat gggcggegat cctgaatggg acagagagat caacaactac 420
accagcatca tctacagcct gatcgaggaa agccagaacce agcaggaaaa cggcacaggce 480
ggcggatctyg gaattgtgca gcagcagaac aacctgctga gagccattga ggceccagcag 540
catctgetge agctgacagt gtggggcatce aagcagcetge agacctacaa cgccgaacte 600
ctggtectee tggaaaatga gaggaccctg gacttccacyg acagcaacgt gaagaacctg 660
tacgagaaag tgaagagcca gctgaagaac aacgccaaag agatcggcaa cggctgette 720
gagttctacce acaagtgcaa cgacgagtgc atggaaagcyg tgaagaacgg cacctacgac 780
taccccaagt acagcgagga aagcaagcetg aaccgggaga agatcgattce cggaggcgac 840
atcatcaagc tgctgaacga gcaggtgaac aaggagatgce agagcagcaa cctgtacatg 900
agcatgagca gctggtgcta cacccacage ctggacggeg cceggectgtt cctgttegac 960
cacgecgecg aggagtacga gcacgccaag aagctgatca tcettectgaa cgagaacaac 1020
gtgccegtyge agetgaccag catcagcgcece cccgagcaca agttcegaggg cctgacccag 1080
atcttccaga aggcctacga gcacgagcag cacatcageg agagcatcaa caacatcgtg 1140
gaccacgcca tcaagagcaa ggaccacgcc accttcaact tectgcagtg gtacgtggece 1200
gagcagcacyg aggaggaggt gctgttcaag gacatcctgg acaagatcga gctgatcgge 1260
aacgagaacc acggcectgta cctggecgac cagtacgtga agggcatcge caagagcagg 1320
aagagcggat cc 1332

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 116
H: 444
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 116

Met Lys Val
1

Ala Asp Thr

Val Asp Thr
35

Leu Gly Ser
50

Ile Gln Ser
65
Gly Trp Thr

Glu Gln Gly

Ile Asn Gly

Lys Leu Leu Val Leu

5

Ile Cys Ile Gly Tyr

20

Val Leu Glu Lys Asn

40

Gly Leu Arg Met Val

55

Arg Gly Leu Phe Gly

70

Gly Met Val Asp Gly

85

Ser Gly Tyr Ala Ala

100

Ile Thr Asn Lys Val

ic

Leu

His

25

Val

Thr

Ala

Trp

Asp

105

Asn

Cys

10

Ala

Thr

Gly

Ile

Tyr

90

Gln

Ser

Thr

Asn

Val

Leu

Ala

75

Gly

Lys

Val

Phe Thr Ala

Asn Ser Thr

30

Thr His Ser

45

Arg Asn Ile

60

Gly Phe Ile

Tyr His His

Thr Tyr
15

Asp Thr

Val Asn

Pro Ser

Glu Gly
80

Gln Asn
95

Ser Thr Gln Asn Ala

110

Ile Glu Lys

Met Gly
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-continued

115 120 125

Gly Asp Pro Glu Trp Asp Arg Glu Ile Asn Asn Tyr Thr Ser Ile Ile
130 135 140

Tyr Ser Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu Asn Gly Thr Gly
145 150 155 160

Gly Gly Ser Gly Ile Val Gln Gln Gln Asn Asn Leu Leu Arg Ala Ile
165 170 175

Glu Ala Gln Gln His Leu Leu Gln Leu Thr Val Trp Gly Ile Lys Gln
180 185 190

Leu Gln Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg
195 200 205

Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val
210 215 220

Lys Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly Cys Phe
225 230 235 240

Glu Phe Tyr His Lys Cys Asn Asp Glu Cys Met Glu Ser Val Lys Asn
245 250 255

Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ser Lys Leu Asn Arg
260 265 270

Glu Lys Ile Asp Ser Gly Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln
275 280 285

Val Asn Lys Glu Met Gln Ser Ser Asn Leu Tyr Met Ser Met Ser Ser
290 295 300

Trp Cys Tyr Thr His Ser Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp
305 310 315 320

His Ala Ala Glu Glu Tyr Glu His Ala Lys Lys Leu Ile Ile Phe Leu
325 330 335

Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu
340 345 350

His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His
355 360 365

Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile
370 375 380

Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala
385 390 395 400

Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile
405 410 415

Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr
420 425 430

Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
435 440

<210> SEQ ID NO 117

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 117

ggatcegete ttectgetet tggegatgee cttcacgtac tggteggeca ggtacaggec 60
gtggttcteg ttgccgatca getegatett gtcecaggatg tecttgaaca geacctecte 120
ctegtgetge teggecacgt accactgecag gaagttgaag gtggegtggt ccettgetett 180

gatggegtgg tccacgatgt tgttgatget ctegetgatg tgetgetegt getegtagge 240
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-continued
cttetggaag atctgggtca ggccctegaa cttgtgeteg ggggegcetga tgctggtcag 300
ctgcacggge acgttgttcet cgttcaggaa gatgatcage ttettggegt gctegtacte 360
cteggeggeg tggtegaaca ggaacaggece ggegecgtece aggetgtggyg tgtagcacca 420
getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtegecte cggaatcgat cttetecegyg ttcagettge tttecteget 540
gtacttgggyg tagtcgtagg tgcegttett cacgetttee atgcactegt cgttgcactt 600
gtggtagaac tcgaagcagce cgttgccgat ctetttggeg ttgttcettca getggetett 660
cactttcteg tacaggttcet tcacgttget gtegtggaag tcecagggtece tctcatttte 720
caggaggacc aggagttcgg cgttgtaggt ctgcagetge ttgatgcccece acactgtcag 780
ctgcagcaga tgctgetggg cctcaatgge tetcagcagyg ttgttetget getgcacaat 840
tccagatceg cegectgtge cgttttectg ctggttetgg ctttectega tcaggetgta 900
gatgatgctyg gtgtagttgt tgatctctcet gtcccattca ggatcgecge ccatcttete 960
gatcacgcetg ttcactttgt tggtgatgecc gttgatggeg ttetgggtgce tcttetgatce 1020
ggcggcatag ccagatccct gctcecattetg gtggtggtag ccgtaccacc catccaccat 1080
gcctgtecat ccgecctcecga taaagccgge aatggcgcca aacaggcctce tgctcectggat 1140
gctggggata ttecctcagge cggtcaccat tcectcagtcect gatcccaggt tcacgctgtg 1200
ggtcacggtc acgttctttt ccagcacggt atccacggtg tceggtgctat tgttggegtg 1260
gtagccgata cagatggtat cggegtaggt ggcggtaaag gtacacagca gcaccagcag 1320
cttcactttc at 1332
<210> SEQ ID NO 118
<211> LENGTH: 1362
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 118
atgaaaacca tcattgccct gagctacatce ctgtgcctgyg tgttcacaca gaagetgcce 60
ggcaacgata atagcaccgce cacactgtgt ctgggacacc acgccgtgec taatggcacce 120
atcgtgaaaa caatcaccaa cgaccagatc gaagtgacca atgccacaga gctgggctce 180
ggectgaage tggcecaccgg catgagaaat gtgcccgaga agcagaccag aggcatcttt 240
ggegecattyg ceggetttat cgagaatgge tgggagggaa tggtggatgg gtggtacgge 300
ttcagacacc agaatagcga gggaattgga caggccgecg atctgaaatc tacccaggcece 360
gecatcgace agatcaacgg caagctgaac aggctgatcg gcaagaccgg cggcgatccce 420
gagtgggacc gggagatcaa caactacacc agcatcatct acagcctgat cgaggagagce 480
cagaaccagc aggagaacgg caccggegge ggcagceggcea tcegtgcagca gcagaacaac 540
ctgetgeggg ccatcgagge ccagcagcac ctgetgcage tgaccgtgtyg gggcatcaag 600
cagctgcaga gctacaatgce cgaactgetg gtegecctgyg aaaaccagca cacaattgat 660
ctgacagaca gtgagatgaa taagctgttc gagaaaacca agaagcagct gagagaaaac 720
geecgaggaca tgggcaacgg ctgcttcaag atctaccaca agtgcgacaa cgectgcatce 780
ggcagcatca gaaacggcac ctacgaccac gacgtgtaca gagatgaggc cctgaacaac 840
cggtttcaga tcaagggctc cggaggcgac atcatcaage tgctgaacga gcaggtgaac 900
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278

aaggagatgc

ctggacggcg

aagctgatca

ccecgageaca

cacatcageg

accttcaact

gacatcctgg

cagtacgtga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

agagcagcaa

ceggectgtt

tcttectgaa

agttcgaggg

agagcatcaa

tcctgeagty

acaagatcga

agggcatcge

PRT

SEQUENCE :

Met Lys Thr Ile

1

Gln

Gln

Ala

65

Gly

Gly

Ala

Leu

Glu

145

Gln

Gln

Gln

Leu

Glu
225
Ala

Asn

Tyr

Lys

His

Ile

Thr

Ala

Trp

Asp

Asn

130

Ile

Asn

Gln

Leu

Leu

210

Met

Glu

Ala

Arg

Leu

Ala

35

Glu

Gly

Ile

Tyr

Leu

115

Arg

Asn

Gln

Asn

Thr

195

Val

Asn

Asp

Cys

Asp
275

Pro

20

Val

Val

Met

Ala

Gly

100

Lys

Leu

Asn

Gln

Asn

180

Val

Ala

Lys

Met

Ile
260

Glu

SEQ ID NO 119
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

454

119

Ile

5

Gly

Pro

Thr

Arg

Gly

85

Phe

Ser

Ile

Tyr

Glu

165

Leu

Trp

Leu

Leu

Gly
245

Gly

Ala

Ala

Asn

Asn

Asn

Asn

70

Phe

Arg

Thr

Gly

Thr

150

Asn

Leu

Gly

Glu

Phe
230
Asn

Ser

Leu

Leu

Asp

Gly

Ala

55

Val

Ile

His

Gln

Lys

135

Ser

Gly

Arg

Ile

Asn

215

Glu

Gly

Ile

Asn

cctgtacatg

cctgttegac

cgagaacaac

cctgacccag

caacatcgtyg

gtacgtggce

getgatcegge

caagagcagg

Ser

Asn

Thr

40

Thr

Pro

Glu

Gln

Ala

120

Thr

Ile

Thr

Ala

Lys

200

Gln

Lys

Cys

Arg

Asn
280

agcatgagca

cacgcegeag

gtgccegtge

atctteccaga

gaccacgcca

gagcagcacyg

aacgagaacc

aagagcggat

Synthetic

Tyr

Ser

25

Ile

Glu

Glu

Asn

Asn

105

Ala

Gly

Ile

Gly

Ile

185

Gln

His

Thr

Phe

Asn
265

Arg

Ile

10

Thr

Val

Leu

Lys

Gly

90

Ser

Ile

Gly

Tyr

Gly

170

Glu

Leu

Thr

Lys

Lys

250

Gly

Phe

Leu

Ala

Lys

Gly

Gln

75

Trp

Glu

Asp

Asp

Ser

155

Gly

Ala

Gln

Ile

Lys
235
Ile

Thr

Gln

getggtgeta cacccacage

aggagtacga

agctgaccag

aggcctacga

tcaagagcaa

aggaggaggt

acggcctgta

ccC

Cys

Thr

Thr

Ser

Thr

Glu

Gly

Gln

Pro

140

Leu

Ser

Gln

Ser

Asp

220

Gln

Tyr

Tyr

Ile

Leu

Leu

Ile

45

Gly

Arg

Gly

Ile

Ile

125

Glu

Ile

Gly

Gln

Tyr

205

Leu

Leu

His

Asp

Lys
285

Val

Cys

30

Thr

Leu

Gly

Met

Gly

110

Asn

Trp

Glu

Ile

His

190

Asn

Thr

Arg

Lys

His

270

Gly

Phe

15

Leu

Asn

Lys

Ile

Val

95

Gln

Gly

Asp

Glu

Val

175

Leu

Ala

Asp

Glu

Cys
255

Asp

Ser

gcacgccaag

catcagcgec

gcacgagcag

ggaccacgcce

getgttcaag

cctggecgac

Thr

Gly

Asp

Leu

Phe

80

Asp

Ala

Lys

Arg

Ser

160

Gln

Leu

Glu

Ser

Asn
240
Asp

Val

Gly

960

1020

1080

1140

1200

1260

1320

1362
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Gly Asp Ile Ile Lys Leu Leu Asn Glu Gln Val Asn Lys Glu Met Gln
290 295 300

Ser Ser Asn Leu Tyr Met Ser Met Ser Ser Trp Cys Tyr Thr His Ser
305 310 315 320

Leu Asp Gly Ala Gly Leu Phe Leu Phe Asp His Ala Ala Glu Glu Tyr
325 330 335

Glu His Ala Lys Lys Leu Ile Ile Phe Leu Asn Glu Asn Asn Val Pro
340 345 350

Val Gln Leu Thr Ser Ile Ser Ala Pro Glu His Lys Phe Glu Gly Leu
355 360 365

Thr Gln Ile Phe Gln Lys Ala Tyr Glu His Glu Gln His Ile Ser Glu
370 375 380

Ser Ile Asn Asn Ile Val Asp His Ala Ile Lys Ser Lys Asp His Ala
385 390 395 400

Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala Glu Gln His Glu Glu Glu
405 410 415

Val Leu Phe Lys Asp Ile Leu Asp Lys Ile Glu Leu Ile Gly Asn Glu
420 425 430

Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr Val Lys Gly Ile Ala Lys
435 440 445

Ser Arg Lys Ser Gly Ser
450

<210> SEQ ID NO 120

<211> LENGTH: 1362

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 120

ggatccgete tteoctgetet tggecgatgec cttcacgtac tggtcggeca ggtacaggec 60
gtggttcteg ttgccgatca gectecgatctt gtccaggatg tcecttgaaca gcacctectce 120
ctegtgetge teggccacgt accactgcag gaagttgaag gtggegtggt ccttgetcett 180
gatggcgtgg tccacgatgt tgttgatget ctegetgatg tgetgectegt getcegtagge 240
cttctggaag atctgggtca ggccctcgaa cttgtgeteg ggggcegetga tgctggtcag 300
ctgcacgggc acgttgttct cgttcaggaa gatgatcage ttcttggegt gectegtacte 360
ctcggeggeg tggtcgaaca ggaacaggcec ggcegccgteo aggetgtggg tgtagcacca 420
gctgctcatg ctcatgtaca ggttgetget ctgcatctcece ttgttcacct gcectcgttcag 480
cagcttgatg atgtcgccte cggagccctt gatctgaaac cggttgttca gggectcatce 540
tctgtacacg tecgtggtegt aggtgcegtt tctgatgetg ccgatgcagg cgttgtcegcea 600
cttgtggtag atcttgaagce agccgttgec catgtccteg gegttttcete tcagetgett 660
cttggttttc tcgaacagct tattcatctce actgtctgtc agatcaattg tgtgcetggtt 720
ttccagggeg accagcagtt cggcattgta gctctgecage tgcttgatgce cccacacggt 780
cagctgcagce aggtgctgcet gggcectcegat ggcccgecage aggttgttcet getgetgceac 840
gatgccgetg ccgecgeegg tgcegttete ctgctggtte tggetctect cgatcagget 900
gtagatgatg ctggtgtagt tgttgatctc cecggtcccac tecgggatcge cgeccggtett 960

gccgatcage ctgttcaget tgccgttgat ctggtcgatg geggectggg tagatttceag 1020

atcggeggece tgtccaatte cctegcectatt ctggtgtetg aagccgtacce acccatccac 1080
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-continued
cattccctee cagccattet cgataaagce ggcaatggcg ccaaagatgce ctcectggtcetg 1140
cttcteggge acatttctceca tgccggtgge cagcettcagg ccggagccca getcectgtgge 1200
attggtcact tcgatctggt cgttggtgat tgttttcacg atggtgccat taggcacggc 1260
gtggtgtccee agacacagtg tggcggtgcet attatcgttg ccegggcaget tctgtgtgaa 1320
caccaggcac aggatgtagc tcagggcaat gatggttttce at 1362
<210> SEQ ID NO 121
<211> LENGTH: 1362
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 121
atgaaaacca taattgcgct gtcctacata ctgtgtctgg tgtttgccca gaaactgccg 60
ggcaatgaca actcaacagc cacgctcectge ttggggcacce atgccgtecce taacgggacce 120
attgtgaaaa ccattactaa cgatcagata gaggtgacta atgccaccga gctgggctce 180
ggcttgaaac tggcgaccgg tatgcgcaat gtccccgaaa aacagacccg cgggatattt 240
ggggctateyg caggctttat cgagaatgge tgggaaggga tggtggatgg ttggtatggt 300
tttagacatc aaaactccga aggcagaggce caggctgeeg atctcaagag cacgcaggcce 360
gctatagatce agatcaatgg aaagctcaac agactgatcyg ggaaaaccgg cggcgatccce 420
gagtgggacc gggagatcaa caactacacc agcatcatct acagcctgat cgaggagagce 480
cagaaccagc aggagaacgg caccggegge ggcagceggcea tcegtgcagca gcagaacaac 540
ctgetgeggg ccatcgagge ccagcagcac ctgetgcage tgaccgtgtyg gggcatcaag 600
cagctgcagt cctacaatgce cgagctgetg gtggetcetgyg agaatcagca cactattgac 660
ctgaccgatt cagagatgaa caaacttttt gagaagacga agaagcagct tagagaaaat 720
gcagaggaca tggggaacgg atgctttaaa atatatcata agtgtgataa tgcctgcatce 780
ggatcaatta gaaatggtac ctatgatcac gatgtttaca gggacgaagc gctgaataac 840
aggttccaga taaaaggctc cggaggcgac atcatcaage tgctgaacga gcaggtgaac 900
aaggagatgc agagcagcaa cctgtacatg agcatgagca gctggtgcta cacccacage 960
ctggacggeg ccggectgtt cctgttegac cacgecgecyg aggagtacga gcacgcecaag 1020
aagctgatca tcttecctgaa cgagaacaac gtgcccgtge agctgaccag catcagcgcece 1080
ccegagcaca agttegaggg cctgacccag atcttcecaga aggcectacga gcacgagcag 1140
cacatcageg agagcatcaa caacatcgtg gaccacgcca tcaagagcaa ggaccacgcce 1200
accttcaact tcctgcagtg gtacgtggce gagcagcacg aggaggaggt gcectgttcaag 1260
gacatcctygyg acaagatcga gctgatcgge aacgagaacc acggcectgta cctggccgac 1320
cagtacgtga agggcatcgc caagagcagg aagagcggat cc 1362

<210> SEQ ID NO 122
<211> LENGTH: 454

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 122

Synthetic

Met Lys Thr Ile Ile Ala Leu Ser Tyr Ile Leu Cys Leu Val Phe Ala

1

5

10

15
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283

-continued

284

Gln

Gln

Ala

65

Gly

Gly

Ala

Leu

Glu

145

Gln

Gln

Gln

Leu

Glu

225

Ala

Asn

Tyr

Gly

Ser

305

Leu

Glu

Thr

Ser
385

Thr

Lys

His

Ile

50

Thr

Ala

Trp

Asp

Asn

130

Ile

Asn

Gln

Leu

Leu

210

Met

Glu

Ala

Arg

Asp

290

Ser

Asp

His

Gln

Gln

370

Ile

Phe

Leu

Leu

Ala

35

Glu

Gly

Ile

Tyr

Leu

115

Arg

Asn

Gln

Asn

Thr

195

Val

Asn

Asp

Cys

Asp

275

Ile

Asn

Gly

Ala

Leu

355

Ile

Asn

Asn

Phe

Pro

20

Val

Val

Met

Ala

Gly

100

Lys

Leu

Asn

Gln

Asn

180

Val

Ala

Lys

Met

Ile

260

Glu

Ile

Leu

Ala

Lys

340

Thr

Phe

Asn

Phe

Lys
420

Gly

Pro

Thr

Arg

Gly

Phe

Ser

Ile

Tyr

Glu

165

Leu

Trp

Leu

Leu

Gly

245

Gly

Ala

Lys

Tyr

Gly

325

Lys

Ser

Gln

Ile

Leu
405

Asp

Asn

Asn

Asn

Asn

70

Phe

Arg

Thr

Gly

Thr

150

Asn

Leu

Gly

Glu

Phe

230

Asn

Ser

Leu

Leu

Met

310

Leu

Leu

Ile

Lys

Val

390

Gln

Ile

Asp Asn Ser Thr Ala Thr Leu Cys Leu
25 30

Gly Thr Ile Val Lys Thr Ile Thr Asn
40 45

Ala Thr Glu Leu Gly Ser Gly Leu Lys
55 60

Val Pro Glu Lys Gln Thr Arg Gly Ile
75

Ile Glu Asn Gly Trp Glu Gly Met Val
His Gln Asn Ser Glu Gly Arg Gly Gln
105 110

Gln Ala Ala Ile Asp Gln Ile Asn Gly
120 125

Lys Thr Gly Gly Asp Pro Glu Trp Asp
135 140

Ser Ile Ile Tyr Ser Leu Ile Glu Glu
155

Gly Thr Gly Gly Gly Ser Gly Ile Val
170 175

Arg Ala Ile Glu Ala Gln Gln His Leu
185 190

Ile Lys Gln Leu Gln Ser Tyr Asn Ala
200 205

Asn Gln His Thr Ile Asp Leu Thr Asp
215 220

Glu Lys Thr Lys Lys Gln Leu Arg Glu
235

Gly Cys Phe Lys Ile Tyr His Lys Cys
250 255

Ile Arg Asn Gly Thr Tyr Asp His Asp
265 270

Asn Asn Arg Phe Gln Ile Lys Gly Ser
280 285

Leu Asn Glu Gln Val Asn Lys Glu Met
295 300

Ser Met Ser Ser Trp Cys Tyr Thr His
315

Phe Leu Phe Asp His Ala Ala Glu Glu
330 335

Ile Ile Phe Leu Asn Glu Asn Asn Val
345 350

Ser Ala Pro Glu His Lys Phe Glu Gly
360 365

Ala Tyr Glu His Glu Gln His Ile Ser
375 380

Asp His Ala Ile Lys Ser Lys Asp His
395

Trp Tyr Val Ala Glu Gln His Glu Glu
410 415

Leu Asp Lys Ile Glu Leu Ile Gly Asn
425 430

Gly

Asp

Leu

Phe

80

Asp

Ala

Lys

Arg

Ser

160

Gln

Leu

Glu

Ser

Asn

240

Asp

Val

Gly

Gln

Ser

320

Tyr

Pro

Leu

Glu

Ala
400

Glu

Glu
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-continued

Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr Val Lys Gly Ile Ala Lys
435 440 445

Ser Arg Lys Ser Gly Ser
450

<210> SEQ ID NO 123

<211> LENGTH: 1362

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 123

ggatccgete ttectgetet tggegatgece cttcacgtac tggtceggeca ggtacaggec 60
gtggttcteg ttgccgatca gctcgatett gtccaggatg tecttgaaca gcacctecte 120
ctegtgetge tceggecacgt accactgcag gaagttgaag gtggegtggt ccttgetett 180
gatggcegtygyg tccacgatgt tgttgatget ctegetgatg tgctgetegt getcgtagge 240
cttetggaag atctgggtca ggccctegaa cttgtgeteg ggggegcetga tgctggtcag 300
ctgcacggge acgttgttcet cgttcaggaa gatgatcage ttettggegt gctegtacte 360
cteggeggeg tggtegaaca ggaacaggece ggegecgtece aggetgtggyg tgtagcacca 420
getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtegecte cggagecttt tatctggaac ctgttattca gegettegte 540
cctgtaaaca tcgtgatcat aggtaccatt tctaattgat ccgatgcagyg cattatcaca 600
cttatgatat attttaaagc atccgttcce catgtcctet gecattttcte taagetgett 660
cttcgtette tcaaaaagtt tgttcatcte tgaatcggtc aggtcaatag tgtgctgatt 720
ctccagagee accagcagcet cggcattgta ggactgcage tgcttgatge cccacacggt 780
cagctgcage aggtgetget gggcectegat ggeccgcage aggttgttet getgetgcac 840
gatgccgetyg cegecgecgg tgcegttete ctgetggtte tggctcetect cgatcagget 900
gtagatgatyg ctggtgtagt tgttgatctc ccggteccac tecgggatcge cgecggtttt 960

ccecgatcagt ctgttgaget ttceccattgat ctgatctata geggecctgeg tgctcettgag 1020
atcggcagcece tggcectctge cttecggagtt ttgatgtceta aaaccatacc aaccatccac 1080
catcccttece cagccattet cgataaagcce tgcgatagcece ccaaatatcce cgecgggtcetg 1140
tttttecgggg acattgcgca taccggtcge cagtttcaag ccggagccca getceggtggce 1200
attagtcacc tctatctgat cgttagtaat ggttttcaca atggtcccgt tagggacggce 1260
atggtgccce aagcagagcg tggctgttga gttgtcattg cccggcagtt tetgggcaaa 1320
caccagacac agtatgtagg acagcgcaat tatggttttce at 1362
<210> SEQ ID NO 124

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 124

atgaaggcca tcatcgtget getgatggtg gtcacaagea acgecgatag aatctgtace 60
ggcatcacca gcagcaatag ccctcacgte gtgaaaacag ctacacaggyg cgaagtgaat 120
gtgaccggeg tgatccctet gggatcagga ctgaagcetgg ccaatggcac aaagtataga 180

cctecageca agetgetgaa agagagagge ttttttggag ctatcgeegg ctttetggaa 240
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-continued
ggcggatggyg agggaatgat tgctggatgg catggctaca catctcatgg cgcacatgge 300
gtggcagtgyg ctgctgatct gaaatctaca caggaagcca tcaacaagat caccaagaac 360
ctgaacagce tgagegagcet ggaaggaggce gaccccgagt gggatcgega aatcaacaac 420
tacacatcta tcatctacag tctgattgag gaaagccaga accagcagga gaatgggact 480
gggggaggct ccggaatcgt gcagcagcag aacaatctge tgcgagcecat tgaagctcag 540
cagcacctge tgcagctgac agtgtgggge atcaagcage tgcaggggag ccagattgaa 600
ctggetgtge tgctgtctaa cgagggeatce atcaatageg aggacgaaca tctgetggece 660
ctggaaagaa agctgaagaa gatgctggga cctagcegecyg tggaaatcgyg caatggatge 720
tttgagacaa agcacaagtg caaccagacc tgcctggata gaattgcege cggaacattt 780
gatgccggeyg agttttctet gceccacctte gatagectga atatcacatc cggaggcgac 840
atcatcaagc tgctgaacga gcaggtgaac aaggagatgce agagcagcaa cctgtacatg 900
agcatgagca gctggtgcta cacccacage ctggacggeg cceggectgtt cctgttegac 960
cacgecgecg aggagtacga gcacgccaag aagctgatca tcettectgaa cgagaacaac 1020
gtgccegtyge agetgaccag catcagcgcece cccgagcaca agttcegaggg cctgacccag 1080
atcttccaga aggcctacga gcacgagcag cacatcageg agagcatcaa caacatcgtg 1140
gaccacgcca tcaagagcaa ggaccacgcc accttcaact tectgcagtg gtacgtggece 1200
gagcagcacyg aggaggaggt gctgttcaag gacatcctgg acaagatcga gctgatcgge 1260
aacgagaacc acggcectgta cctggecgac cagtacgtga agggcatcge caagagcagg 1320
aagagcggat cc 1332

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 125
H: 444
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 125

Met Lys Ala
1

Arg Ile Cys

Thr Ala Thr
35

Ser Gly Leu

Leu Leu Lys
65

Gly Gly Trp

Gly Ala His

Ala Ile Asn

115

Gly Gly Asp
130

Ile Tyr Ser
145

Ile Ile Val Leu Leu

5

Thr Gly Ile Thr Ser

20

Gln Gly Glu Val Asn

40

Lys Leu Ala Asn Gly

55

Glu Arg Gly Phe Phe

70

Glu Gly Met Ile Ala

85

Gly Val Ala Val Ala

100

Lys Ile Thr Lys Asn

120

Pro Glu Trp Asp Arg

135

Leu Ile Glu Glu Ser
150

ic

Met

Ser

25

Val

Thr

Gly

Gly

Ala

105

Leu

Glu

Gln

Val

10

Asn

Thr

Lys

Ala

Trp

90

Asp

Asn

Ile

Asn

Val

Ser

Gly

Tyr

Ile

75

His

Leu

Ser

Asn

Gln
155

Thr Ser Asn

Pro His Val
30

Val Ile Pro
45

Arg Pro Pro

Ala Gly Phe

Gly Tyr Thr

Lys Ser Thr

110

Leu Ser Glu
125

Asn Tyr Thr
140

Gln Glu Asn

Ala Asp
15

Val Lys

Leu Gly

Ala Lys

Leu Glu

80

Ser His

95

Gln Glu

Leu Glu

Ser Ile

Gly Thr
160
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290

Gly Gly Gly

Ile Glu Ala

Gln Leu Gln

195

Gly Ile Ile
210

Leu Lys Lys
225

Phe Glu Thr

Ala Gly Thr

Leu Asn Ile

275

Val Asn Lys
290

Trp Cys Tyr
305

His Ala Ala

Asn Glu Asn

His Lys Phe

355

Glu Gln His
370

Lys Ser Lys
385

Glu Gln His

Glu Leu Ile

435

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Gly Ile Val Gln

165

Gln Gln His Leu Leu

180

Gly Ser Gln Ile Glu

200

Asn Ser Glu Asp Glu

215

Met Leu Gly Pro Ser
230

Lys His Lys Cys Asn

245

Phe Asp Ala Gly Glu

260

Thr Ser Gly Gly Asp

280

Glu Met Gln Ser Ser

295

Thr His Ser Leu Asp
310

Glu Glu Tyr Glu His

325

Asn Val Pro Val Gln

340

Glu Gly Leu Thr Gln

360

Ile Ser Glu Ser Ile

375

Asp His Ala Thr Phe
390

Glu Glu Glu Val Leu

405

Gly Asn Glu Asn His

420

Ile Ala Lys Ser Arg

D NO 126
H: 1332
DNA

440

Gln

Gln

185

Leu

His

Ala

Gln

Phe

265

Ile

Asn

Gly

Ala

Leu

345

Ile

Asn

Asn

Phe

Gly

425

Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 126

ggatcecgete

gtggttcteg

ctegtgetge

gatggcgtgg

cttetggaag

ctgcacggge

CthgngCg

getgceteaty

ttectgetet

ttgccgatca

tcggecacgt

tccacgatgt

atctgggtca

acgttgttet

tggtcgaaca

ctcatgtaca

tggcgatgec

getegatett

accactgcag

tgttgatget

ggcectegaa

cgttcaggaa

ggaacaggcce

ggttgetget

ic

Gln

170

Leu

Ala

Leu

Val

Thr

250

Ser

Ile

Leu

Ala

Lys

330

Thr

Phe

Asn

Phe

Lys

410

Leu

Ser

Asn

Thr

Val

Leu

Glu

235

Cys

Leu

Lys

Tyr

Gly

315

Lys

Ser

Gln

Ile

Leu

395

Asp

Tyr

Gly

cttcacgtac

gtccaggatyg

gaagttgaag

ctcgetgatyg

cttgtgeteg

gatgatcage

ggcgeegtee

ctgcatctee

Asn Leu Leu
Val Trp Gly
190

Leu Leu Ser
205

Ala Leu Glu
220

Ile Gly Asn

Leu Asp Arg

Pro Thr Phe
270

Leu Leu Asn
285

Met Ser Met
300

Leu Phe Leu

Leu Ile Ile

Ile Ser Ala
350

Lys Ala Tyr
365

Val Asp His
380

Gln Trp Tyr

Ile Leu Asp

Leu Ala Asp
430

Ser

tggtcggeca
tccttgaaca
gtggegtggt
tgctgetegt
ggggcgctga
ttcttggegt
aggctgtggg

ttgttcacct

Arg Ala
175

Ile Lys

Asn Glu

Arg Lys

Gly Cys

240

Ile Ala
255

Asp Ser

Glu Gln

Ser Ser

Phe Asp
320

Phe Leu
335

Pro Glu

Glu His

Ala Ile

Val Ala
400

Lys Ile
415

Gln Tyr

ggtacaggce
gcacctecte
cettgetett
getegtagge
tgctggtcag
getegtacte
tgtagcacca

getegtteag

60

120

180

240

300

360

420

480
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-continued
cagcttgatg atgtegecte cggatgtgat attcaggcta tcgaaggtgyg gcagagaaaa 540
ctegecggea tcaaatgttce cggcggeaat tcetatccagg caggtcetggt tgcacttgtg 600
ctttgtctca aagcatccat tgccgattte cacggcgceta ggtceccagea tcttettcag 660
ctttetttee agggecagca gatgttegte ctegetattyg atgatgccect cgttagacag 720
cagcacagcce agttcaatct ggctccectg cagetgettyg atgecccaca ctgtcagetg 780
cagcaggtgce tgctgagett caatggetceg cagcagattyg ttetgetget gcacgattcee 840
ggagccteee ccagtcccat tctectgetg gttetggett tectcaatca gactgtagat 900
gatagatgtyg tagttgttga tttecgegatce ccactegggg tegectectt ccagetceget 960
caggctgttc aggttcttgg tgatcttgtt gatggcttcecce tgtgtagatt tcagatcagce 1020
agccactgcece acgccatgtg cgccatgaga tgtgtagceca tgccatccag caatcattcece 1080
ctcccateceg cecttecagaa agccggcgat agctccaaaa aagcectctet ctttcagecag 1140
cttggctgga ggtctatact ttgtgccatt ggccagettce agtcctgatce ccagagggat 1200
cacgcceggte acattcactt cgccctgtgt agetgttttce acgacgtgag ggctattgcet 1260
gctggtgatg ccggtacaga ttctatcecgge gttgecttgtg accaccatca gcagcacgat 1320
gatggcctte at 1332
<210> SEQ ID NO 127
<211> LENGTH: 1332
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 127
atgaaggcca tcatcgtgct getgatggtg gtgaccagea acgccgatag aatctgcace 60
ggcatcacca gcagcaatag cccccatgtg gtgaaaacag ccacccaggg cgaagtgaat 120
gtgacaggceyg tgatccctet gggatcagga ctgaagetgg ccaatggcac caagtacaga 180
ccteecgeca agetgetgaa agagagagge ttetttggeg ccattgeegyg atttetggaa 240
ggcggetggyg agggaatgat tgceggetgg cacggctata catctcatgg ggeccatgge 300
gtggetgtygyg cecgecgatct gaagtctace caggaagcca tcaacaagat caccaagaac 360
ctgaacagce tgagegagcet ggaaggaggce gaccccgagt gggatcgega aatcaacaac 420
tacacatcta tcatctacag tctgattgag gaaagccaga accagcagga gaatgggact 480
gggggaggct ccggaatcgt gcagcagcag aacaatctge tgcgagcecat tgaagctcag 540
cagcacctge tgcagctgac agtgtgggge atcaagcage tgcaggggtce ccagattgaa 600
ctggeegtge tgctgtceccaa cgagggcatce atcaacageg aggatgaaca cctgetggece 660
ctggaacgga agctgaagaa gatgctggge ccttetgeeyg tggagatcegyg caacggetge 720
ttcgagacaa agcacaagtg caaccagacc tgectggata gaatcgcege tggcacctte 780
aatgcecggeg agttcagect gectacctte gacagcectga atatcaccte cggaggcgac 840
atcatcaagc tgctgaacga gcaggtgaac aaggagatgce agagcagcaa cctgtacatg 900
agcatgagca gctggtgcta cacccacage ctggacggeg cceggectgtt cctgttegac 960
cacgecgecg aggagtacga gcacgccaag aagctgatca tcettectgaa cgagaacaac 1020
gtgccegtyge agetgaccag catcagcgcece cccgagcaca agttcegaggg cctgacccag 1080
atcttccaga aggcctacga gcacgagcag cacatcageg agagcatcaa caacatcgtg 1140
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294

gaccacgcca

gagcagcacyg

aacgagaacc

aagagcggat cc

<210> SEQ ID NO 128

<211> LENGTH: 444

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 128

Met

1

Arg

Thr

Ser

Leu

65

Gly

Gly

Ala

Gly

Ile

145

Gly

Ile

Gln

Gly

Leu

225

Phe

Ala

Leu

Trp
305

Lys Ala Ile Ile Val Leu Leu Met
5

Ile Cys Thr Gly Ile Thr Ser Ser
20 25

Ala Thr Gln Gly Glu Val Asn Val
35 40

Gly Leu Lys Leu Ala Asn Gly Thr
50 55

Leu Lys Glu Arg Gly Phe Phe Gly
70

Gly Trp Glu Gly Met Ile Ala Gly
85

Ala His Gly Val Ala Val Ala Ala
100 105

Ile Asn Lys Ile Thr Lys Asn Leu
115 120

Gly Asp Pro Glu Trp Asp Arg Glu
130 135

Tyr Ser Leu Ile Glu Glu Ser Gln
150

Gly Gly Ser Gly Ile Val Gln Gln
165

Glu Ala Gln Gln His Leu Leu Gln
180 185

Leu Gln Gly Ser Gln Ile Glu Leu
195 200

Ile Ile Asn Ser Glu Asp Glu His
210 215

Lys Lys Met Leu Gly Pro Ser Ala
230

Glu Thr Lys His Lys Cys Asn Gln
245

Gly Thr Phe Asn Ala Gly Glu Phe
260 265

Asn Ile Thr Ser Gly Gly Asp Ile
275 280

Asn Lys Glu Met Gln Ser Ser Asn
290 295

Cys Tyr Thr His Ser Leu Asp Gly
310

Ala Ala Glu Glu Tyr Glu His Ala

Val

10

Asn

Thr

Lys

Ala

Trp

90

Asp

Asn

Ile

Asn

Gln

170

Leu

Ala

Leu

Val

Thr

250

Ser

Ile

Leu

Ala

Lys

Val

Ser

Gly

Tyr

Ile

75

His

Leu

Ser

Asn

Gln

155

Asn

Thr

Val

Leu

Glu

235

Cys

Leu

Lys

Tyr

Gly

315

Lys

Thr

Pro

Val

Arg

60

Ala

Gly

Lys

Leu

Asn

140

Gln

Asn

Val

Leu

Ala

220

Ile

Leu

Pro

Leu

Met
300

Leu

Leu

Ser

His

Ile

Pro

Gly

Tyr

Ser

Ser

125

Tyr

Glu

Leu

Trp

Leu

205

Leu

Gly

Asp

Thr

Leu
285
Ser

Phe

Ile

acggcctgta cctggecgac cagtacgtga agggcatcge

Asn

Val

30

Pro

Pro

Phe

Thr

Thr

110

Glu

Thr

Asn

Leu

Gly

190

Ser

Glu

Asn

Arg

Phe

270

Asn

Met

Leu

Ile

caagagcagg

Ala

15

Val

Leu

Ala

Leu

Ser

95

Gln

Leu

Ser

Gly

Arg

175

Ile

Asn

Arg

Gly

Ile

255

Asp

Glu

Ser

Phe

Phe

tcaagagcaa ggaccacgcece accttcaact tectgecagtg gtacgtggece

aggaggaggt gctgttcaag gacatcctgg acaagatcga getgatcegge

Asp

Lys

Gly

Lys

Glu

80

His

Glu

Glu

Ile

Thr

160

Ala

Lys

Glu

Lys

Cys

240

Ala

Ser

Gln

Ser

Asp
320

Leu

1200

1260

1320

1332
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-continued

325 330 335

Asn Glu Asn Asn Val Pro Val Gln Leu Thr Ser Ile Ser Ala Pro Glu
340 345 350
His Lys Phe Glu Gly Leu Thr Gln Ile Phe Gln Lys Ala Tyr Glu His
355 360 365
Glu Gln His Ile Ser Glu Ser Ile Asn Asn Ile Val Asp His Ala Ile
370 375 380

Lys Ser Lys Asp His Ala Thr Phe Asn Phe Leu Gln Trp Tyr Val Ala
385 390 395 400
Glu Gln His Glu Glu Glu Val Leu Phe Lys Asp Ile Leu Asp Lys Ile

405 410 415
Glu Leu Ile Gly Asn Glu Asn His Gly Leu Tyr Leu Ala Asp Gln Tyr

420 425 430
Val Lys Gly Ile Ala Lys Ser Arg Lys Ser Gly Ser
435 440

<210> SEQ ID NO 129
<211> LENGTH: 1332
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 129
ggatccgete ttectgetet tggegatgece cttcacgtac tggtceggeca ggtacaggec 60
gtggttcteg ttgccgatca gctcgatett gtccaggatg tecttgaaca gcacctecte 120
ctegtgetge tceggecacgt accactgcag gaagttgaag gtggegtggt ccttgetett 180
gatggcegtygyg tccacgatgt tgttgatget ctegetgatg tgctgetegt getcgtagge 240
cttetggaag atctgggtca ggccctegaa cttgtgeteg ggggegcetga tgctggtcag 300
ctgcacggge acgttgttcet cgttcaggaa gatgatcage ttettggegt gctegtacte 360
cteggeggeg tggtegaaca ggaacaggece ggegecgtece aggetgtggyg tgtagcacca 420
getgetcatyg ctcatgtaca ggttgetget ctgcatctee ttgttcacct getegttceag 480
cagcttgatg atgtegecte cggaggtgat attcaggetyg tcegaaggtag gcaggctgaa 540
ctegecggea ttgaaggtge cagcggegat tcetatccagg caggtcetggt tgcacttgtg 600
ctttgtcteg aagcagecgt tgccgatcte cacggcagaa gggceccagca tcttettcag 660
ctteegttee agggecagca ggtgttcate ctegetgttyg atgatgcecct cgttggacag 720
cagcacggcece agttcaatct gggaccectg cagetgettyg atgecccaca ctgtcagetg 780
cagcaggtgce tgctgagett caatggetceg cagcagattyg ttetgetget gcacgattcee 840
ggagccteee ccagtcccat tctectgetg gttetggett tectcaatca gactgtagat 900
gatagatgtyg tagttgttga tttecgegatce ccactegggg tegectectt ccagetceget 960
caggctgttc aggttcttgg tgatcttgtt gatggcttcecce tgggtagact tcagatcggce 1020
ggccacagee acgcecatggg ccccatgaga tgtatagccg tgccagecgg caatcattec 1080
ctcccagecg ccecttecagaa atccggcaat ggcgccaaag aagcectctet ctttcagecag 1140
cttggcggga ggtctgtact tggtgccatt ggccagettce agtcctgatce ccagagggat 1200
cacgcctgte acattcactt cgccctgggt ggetgtttte accacatggg ggctattgcet 1260
gctggtgatg ccggtgcaga ttctatcecgge gttgctggte accaccatca gcagcacgat 1320
gatggcctte at 1332
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What is claimed is:

1. A nanoparticle comprising a fusion protein, wherein the
fusion protein comprises a monomeric ferritin subunit pro-
tein joined to an influenza hemagglutinin (HA) protein, such
that the nanoparticle comprises influenza virus HA protein
trimers on its surface.

2. The nanoparticle of claim 1, wherein the monomeric
ferritin subunit protein is a monomeric subunit of a Helico-
bacter pylori ferritin protein.

3. The nanoparticle of claim 1, wherein the hemagglutinin
protein is from an influenza virus selected from the group
consisting of A/New Caledonia/20/1999 (1999 NC, H1),
A/California/04/2009 (2009 CA, H1), A/Singapore/1/1957
(1957 Sing, H2), A/Hong Kong/1/1968 (1968 HK, H3),
A/Brisbane/10/2007 (2007 Bris, H3), A/Indonesia/05/2005
(2005 Indo, H5), B/Florida/4/2006 (2006 Flo, B), A/Perth/
16/2009 (2009 Per, H3), A/Brisbane/59/2007 (2007 Bris,
H1), and B/Brisbane/60/2008 (2008 Bris, B).

4. The nanoparticle of claim 1, wherein the hemagglutinin
protein comprises a region selected from the group consist-
ing of:

a) a region corresponding to amino acids 1-519 of SEQ ID

NO:8;

b) a region comprising amino acids 1-519 of SEQ ID
NO:8;

¢) a region comprising an amino acid sequence at least
about 80% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98; and,

d) a region comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98.

5. The nanoparticle of claim 1, wherein the nanoparticle

elicits an immune response to:

a) an influenza virus strain that is heterologous to the
strain of influenza virus from which the hemagglutinin
protein was obtained; or,

b) a protein comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98.

6. The nanoparticle of claim 1, wherein the fusion protein
comprises an amino acid sequence selected from the group
consisting of

SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ ID
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID
NO:59, SEQ ID NO:62, SEQ ID NO:65, SEQ ID
NO:68, SEQ ID NO:101, SEQ ID NO:104 SEQ ID
NO:107 SEQ ID NO:110 SEQ ID NO:113 SEQ ID
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NO:116 SEQ ID NO:119 SEQ ID NO:122 SEQ ID
NO:125 and SEQ ID NO:128.

7. A method to produce a vaccine against influenza virus,
the method comprising a) expressing a fusion protein com-
prising a monomeric ferritin protein joined to an influenza
hemagglutinin protein under conditions such that the fusion
proteins form a nanoparticle displaying hemagglutinin trim-
ers on its surface, and b) recovering the nanoparticle.

8. A method to vaccinate an individual against influenza,
the method comprising administering a vaccine produced
according to the method of claim 7 to an individual such that
the nanoparticle elicits an immune response against influ-
enza virus.

9. The method of claim 8, wherein the nanoparticle elicits
an immune response to an influenza virus strain that is
heterologous to the sub-type of influenza virus from which
the hemagglutinin protein was obtained.

10. The method of claim 8, wherein the nanoparticle
elicits an immune response to an influenza virus strain that
is heterologous to the strain of influenza virus from which
the hemagglutinin protein was obtained.

11. The method of claim 8, wherein the nanoparticle
elicits an immune response to an influenza virus that is
antigenically divergent from the influenza virus from which
the hemagglutinin protein was obtained.

12. The method of claim 8, wherein administering com-
prises administering to the individual a first vaccine com-
position and then at a later time, administering a second
vaccine composition comprising a nanoparticle that com-
prises an HA-SS-ferritin fusion protein.

13. The method of claim 12, wherein the HA portion of
the HA SS-ferritin fusion protein comprises a region
selected from the group consisting of:

a) aregion corresponding to amino acids 1-519 of SEQ ID

NO:8;

b) a region comprising amino acids 1-519 of SEQ ID
NO:8

¢) a region comprising an amino acid sequence at least
about 80% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98, wherein the HA SS-ferritin
fusion protein elicits an immune response to an influ-
enza virus; and,

d) a region comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98.

14. The method of claim 12, wherein the HA SS-ferritin
fusion protein comprises an amino acid sequence selected
from the group consisting of:

SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ ID
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID
NO:59, SEQ ID NO:62, SEQ ID NO:65, SEQ ID
NO:68, SEQ ID NO:101, SEQ ID NO:104 SEQ ID
NO:107 SEQ ID NO:110 SEQ ID NO:113 SEQ ID
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NO:116 SEQ ID NO:119 SEQ ID NO:122 SEQ 1D
NO:125 and SEQ ID NO:128.

15. The method of claim 12, wherein the first vaccine
composition comprises a nanoparticle comprising a hemag-
glutinin protein from an influenza virus selected from the
group consisting of A/New Caledonia/20/1999 (1999 NC,
H1), A/California/04/2009 (2009 CA, H1), A/Singapore/1/
1957 (1957 Sing, H2), A/Hong Kong/1/1968 (1968 HK,
H3), A/Brisbane/10/2007 (2007 Bris, H3), A/Indonesia/05/
2005 (2005 Indo, HS), B/Florida/4/2006 (2006 Flo, B),
A/Perth/16/2009 (2009 Per, H3), A/Brisbane/59/2007 (2007
Bris, H1), and B/Brisbane/60/2008 (2008 Bris, B).

16. The method of claim 15, wherein the hemagglutinin
protein comprises a region selected from the group consist-
ing of:

a) a region comprising an amino acid sequence at least
about 80% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98;

b) a region comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98

¢) a region corresponding to amino acids 1-519 of SEQ ID
NO:8; and,

d) a region comprising amino acids 1-519 of SEQ ID
NO:8.

17. The method of claim 12, wherein the first vaccine
composition comprises an HA-ferritin fusion protein com-
prising an amino acid sequence selected from the group
consisting of

SEQ ID NO:41, SEQ ID NO:44, SEQ 1D NO:47, SEQ ID
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ 1D
NO:59, SEQ ID NO:62, SEQ ID NO:65, SEQ 1D
NO:68, SEQ ID NO:101, SEQ ID NO:104 SEQ 1D
NO:107 SEQ ID NO:110 SEQ ID NO:113 SEQ ID
NO:116 SEQ ID NO:119 SEQ ID NO:122 SEQ 1D
NO:125 and SEQ ID NO:128.

18. A fusion protein comprising a monomeric ferritin
subunit protein joined to an influenza hemagglutinin protein,
wherein the monomeric ferritin subunit protein comprises a
domain that allows the fusion protein to self-assemble into
nanoparticles.
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19. The fusion protein of claim 18, wherein the mono-
meric subunit is a monomeric subunit of a Helicobacter
pylori ferritin protein.

20. The fusion protein of claim 18, wherein the hemag-
glutinin protein comprises a region selected from the group
consisting of:

a) a region comprising an amino acid sequence compris-
ing at least 25 amino acids from a second hemagglu-
tinin protein from an influenza virus selected from the
group consisting of A/New Caledonia/20/1999 (1999
NC, H1), A/California/04/2009 (2009 CA, H1), A/Sin-
gapore/1/1957 (1957 Sing, H2), A/Hong Kong/1/1968
(1968 HK, H3), A/Brisbane/10/2007 (2007 Bris, H3),
A/Indonesia/05/2005 (2005 Indo, HS), B/Florida/4/
2006 (2006 Flo, B), A/Perth/16/2009 (2009 Per, H3),
A/Brisbane/59/2007 (2007 Bris, H1), and B/Brisbane/
60/2008 (2008 Bris, B);

b) aregion corresponding to amino acids 1-519 of SEQ ID
NO:8;

¢) a region comprising amino acids 1-519 of SEQ ID
NO:8;

d) a region comprising an amino acid sequence at least
about 80% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ ID
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98; and,

e) a region comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:17, SEQ ID
NO:20, SEQ ID NO:23, SEQ ID NO:26, SEQ 1D
NO:29, SEQ ID NO:32, SEQ ID NO:35, SEQ ID
NO:38, SEQ ID NO:71, SEQ ID NO:74, SEQ ID
NO:77, SEQ ID NO:80, SEQ ID NO:83, SEQ ID
NO:86, SEQ ID NO:89, SEQ ID NO:92, SEQ ID
NO:95 and SEQ ID NO:98.

21. The fusion protein of claim 18, wherein the fusion

protein comprises an amino acid sequence selected from the
group consisting of

SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:47, SEQ ID
NO:50, SEQ ID NO:53, SEQ ID NO:56, SEQ ID
NO:59, SEQ ID NO:62, SEQ ID NO:65, SEQ ID
NO:68, SEQ ID NO:101, SEQ ID NO:104 SEQ ID
NO:107 SEQ ID NO:110 SEQ ID NO:113, SEQ ID
NO:116 SEQ ID NO:119 SEQ ID NO:122 SEQ ID
NO:125 and SEQ ID NO:128.
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